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f ATE in May, the National Bioethics 
Advisory Commission, an 18-mem¬ 
ber panel of experts in medicine, 
law, and ethics, is scheduled to give 
President Bill Clinton some novel science 
advice. It will recommend possible federal 
actions to prevent abuse of science’s new¬ 
found ability to clone adult mammals— 
that is, to produce exact genetic copies of 
an existing animal from a single body cell. 

The cause of this unprecedented fast- 
track activity is, of course, a sweet-faced 
Scottish sheep named Dolly. We can debate 
whether Dolly is, as one columnist would 
have it, the biggest story of the century. But 
persuading DNA from a specialized adult 
cell to return to its youthful undifferenti¬ 
ated state and initiate a brand-new life is 
surely a milestone in biology, and offers a 
lesson in why seasoned observers of science 
never say “never.” 

We can already glimpse a few of the 
practical applications of cloning, such as 
duplicating especially productive livestock 
and saving vanishing species. But if the 
clones can be genetically engineered—the 
next goal of Dolly’s developers at the Roslin 
Institute near Edinburgh—the possibilities 
expand to include medicine: herds of identi¬ 
cal animals that function as living drug fac¬ 
tories, producing medically valuable pro¬ 
teins in their blood or milk; animal models 
for studying human diseases and testing 
treatments; pigs whose immune systems 
have been designed to make their organs 
more suitable for transplantation into sick 
people. 

As is the case with any trailblazing scien¬ 
tific development, cloning’s most important 
consequences doubtless lie hidden in the 
mists of the future, although we can assume 
that some of them will likely astound us. A 
lot of people fear that the most astounding 
will be a world of Frankenstein’s monsters: 
clones of human beings. There are many 
technical hurdles between here and there, 
but the experts are pretty sure that what can 
be done with sheep can eventually also be 
done with Homo sapiens. 

Few people have been able to think of 
good reasons for cloning humans, but 
everybody seems to be able to imagine the 
nightmares. Consider, for example, a 
world without sex because cloning does 
away with fathers. Or endless duplicates of 
individuals—Nobel laureates, movie stars, 
criminal masterminds, fascist dictators, 
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Good-bye, Dolly, .. 


... unless the 
government permits, 
oversees, and funds 
sensible cloning 


research. 



whoever—created with or without their 
knowledge. Or how about raising the 
dead, literally, from the cells of corpses? 

It’s no wonder that Dolly is causing 
some of us to come unglued. President Clin¬ 
ton dealt quickly with this ostensible 
national emergency and immediately de¬ 
clared a moratorium on human cloning. 
This stops nothing, since as far as we know, 
no such research is actually going on. To 
be fair, the president was reportedly trying 
to head off some much more panicky legis¬ 
lation. Still, the proposals began tumbling 
in anyway. A Michigan congressman, for 
example, would permanently ban human 
cloning; violators would be fined $5,000. A 
New York legislator thought such punish¬ 
ment a wrist-slap; he wanted to send 
human cloners to prison for 7 years. “We’re 
dealing with something of great concern to 
humanity,” he said. “We ought not to per¬ 
mit a cottage industry in the God business.” 

But it is precisely out of concern for 
humanity, and to prevent a rush into the 
God business, that we should resist the 
urge to ban, much less to criminalize, such 
research. We should learn from our mis¬ 
takes. Recall that when test-tube babies 
burst into the world in the 1970s they pro¬ 
voked much the same consternation as 
Dolly. I was among those who urged the 
government to stay out of this field. Many 
voiced moral or religious objections to 
research with early human embryos. I did 
not, but I thought then (and still think) that 
solving people’s fertility problems should 
not be high on the wish list of the National 


Institutes of Health. The naysayers won 
the argument—so thoroughly, in fact, that 
using government money for research with 
human embryos remains forbidden in the 
United States to this day. 

I regret this profoundly. In addition to 
its retarding effect on some useful research, 
forcing test-tube baby work into private 
labs has meant that the fertility industry, 
essentially unregulated, has pretty much 
run its own show. Or perhaps I should say, 
circus: In California, eggs and embryos 
stolen from scores of women were dis¬ 
tributed to researchers and implanted in 
other women. In Britain, thousands of 
frozen embryos were destroyed because 
their parents failed to claim them, despite 
the Vatican’s exhortations that the embryos 
be “adopted”—brought to term by 6,000 
volunteer moms. Around the world, some 
fertility centers have claimed fictitious rates 
of pregnancy success. Such claims not only 
attract customers but keep them trying over 
and over—at a cost of some $10,000 each 
time. Yes, many thousands of test-tube 
babies have been born, but for every suc¬ 
cessful couple, four others are sent away in 
despair. 

The surest way to guarantee that 
cloning—whether of animal or human 
cells—will be misused is to forbid it or 
restrict it to private labs, which will drive it 
out of the light of day. The simplest way to 
forestall such an outcome is for us citizens to 
underwrite some cloning research (al¬ 
though, to foster rational discourse, proba¬ 
bly not on human cells, at least not at first). 
As today’s biology goes, that research 
would not be terribly costly, and there are 
reasonable scientific and practical argu¬ 
ments for doing it—exploring its potential 
in feeding people and curing their ills and 
in other useful applications that we cannot 
yet foresee. It would give us grounds for for¬ 
mal oversight if that became desirable. And 
thanks to scientific exchanges at meetings 
and over the Internet, not to mention scien¬ 
tific gossip, we would improve our chances 
of learning what’s going on in private labs 
as well as government-funded ones. ■ 

—Tabitha M. Powledge 


TABITHA At. POWLEDGE, a science journal¬ 
ist specializing in genetics and neuroscience, is 
the author of Your Brain: How You Got It and 
How It Works (Scribners, 1995). 
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Auto Bodies Lighten Up 

“A Practical Road to Lightweight Cars” 
(TR January 1997) by Frank R. Field IH 
and Joel P. Clark was distressing because 
it erroneously conveyed both basic and 
technical facts about the Partnership for a 
New Generation of Vehicles (PNGV). 
First, the authors misidentify PNGV as 
the Program for a New Generation of 
Vehicles. “Partnership” is an important 
distinction because this 
effort to develop environ¬ 
mentally friendly family 
sedans that triple the fuel 
efficiency of today’s similarly 
sized cars is a cost-shared one 
between the U.S. auto indus¬ 
try and the federal govern¬ 
ment. Second, the partner¬ 
ship was announced by Pres¬ 
ident Clinton on September 
29, 1993, not 1994 as the 
article claims. Third, PNGV 
was not “inspired” by 
Amory Lovins, as the table of contents 
claims. Rather, it is a high-priority Clin¬ 
ton administration initiative. 

The authors assert that “the key to 
improving a vehicle’s fuel economy is 
weight reduction.” While weight reduc¬ 
tion is extremely important, it is not the 
only factor in creating a fuel-efficient 
car. In the earliest stage of the PNGV, 
we identified 14 technologies where sig¬ 
nificant improvements would amelio¬ 
rate the greatest energy losses, in areas 
such as energy conversion (engines), 
energy storage (batteries), materials, and 
enabling technologies. We do not have 
the luxury of concentrating on any sin¬ 
gle area; advances in several are neces¬ 
sary. To meet the goals of the partner¬ 
ship within its time frame—a decade 
from its announcement—we must draw 
on technologies that promise a signifi¬ 
cant increase in performance, not an 
incremental one. 


Several specific points in the article 
also deserve comment: 

Crashworthiness. Field and Clark 
claim “a lightweight car cannot rely on 
its structural components to protect pas¬ 
sengers in the event of a crash and so 
will need to employ additional systems, 
like airbags, which add some weight.” 
On the contrary, lightweight materials 
can be configured to make a car as safe 
as today’s vehicles. Inno¬ 
vative design concepts 
can capitalize on ad¬ 
vanced materials that 
absorb and disperse 
crash energy, a strategy 
certainly more effective 
than air-bags. 

Conveniences. We 
contest the authors’ ar¬ 
gument that dramatic 
improvements in fuel 
economy will result in 
“less room and fewer 
conveniences” than the American con¬ 
sumer typically expects. If the authors 
are referring mainly to gas-guzzling 
sport-utility vehicles, then we agree with 
them. 

Price of carbon fiber. The authors 
doubt that carbon fiber prices will fall 
from $20 to $5 per pound because “the 
production of carbon fibers is not neces¬ 
sarily amenable to economies of scale.” 
Carbon fibers are now available at $8 per 
pound. Fiber-processing improvements 
and economies of scale, which are pre¬ 
dicted by all fiber manufacturers, are 
expected to lower the price even further. 

The authors conclude that “a supercar 
like that envisioned by the Partnership for 
a New Generation of Vehicles ... is 
beyond our capabilities today and for the 
near future.” They describe efforts to 
achieve a supercar as a “technological 
chimera.” This unflattering judgment of 
the PNGV, which is only four years into 
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its 10-year program, is undeserving and 
not scientifically correct. We are only now 
concluding the first phase of the partner¬ 
ship, yet we have made considerable 
progress: technologies have been surveyed 
and evaluated, and research redirected in 
some cases. And, contrary to the authors’ 
assertion, we have not yet chosen or 
excluded any technology. Later this year, 
we plan to select the most promising tech¬ 
nologies for incorporation into drivable 
experimental and concept vehicles. Read¬ 
ers can learn more about our progress 
from “PNGV Technical Accomplish¬ 
ments,” a 1996 report that is available 
from the PNGV secretariat. 

Robert M. Chapman 
Chair 

PNGV Government Technical Task Force 
U.S. Department of Commerce 
Washington, D.C. 

Field and Clark claim that advanced- 
polymer-composite auto bodies are a 
costly, impractical, and risky leapfrog 
to untried or unavailable manufactur¬ 
ing processes and unattractive cars. We 
have documented exactly the opposite in 
analyses for many leading professional 
conferences on composites and cars. 
Field and Clark cite our papers, offer no 
supporting analysis of their own, yet dis¬ 
miss or ignore our evidence that: 

■ Auto bodies that are at least as stiff and 
strong as their steel counterparts and two- 
to threefold lighter can cost no more than 
modestly lighter auto bodies, partly by 
economizing on costly materials. 

■ With ten- to fiftyfold fewer parts, not 
threefold as the authors claim, these 
auto bodies are simpler to manufacture 
and assemble. 

■ They can use two- to tenfold cheaper 
tooling and equipment. 

■ Ultralight bodies can also make the rest 
of the car, which accounts for 80-90 per¬ 
cent of its total cost, cheaper by downsiz¬ 
ing or eliminating other parts (for exam¬ 
ple, the GM Ultralite noted in the article 
doesn’t need power steering or power 
brakes) and enabling mechanically sim¬ 
pler hybrid-electric drive systems. 

■The problems of affordably mass-pro¬ 
ducing composites—historically due to 


using inferior types or designs, or mixing 
composites with steel—can be solved by 
synergistically integrating new processes 
already demonstrated separately in vol¬ 
ume production, as Sotira has shown by 
producing Class-A-finish, glass-rein- 
forced car components at the rate of 
more than 1,000 a day. 

■ Advanced-composite bodies can offer 
distinctive performance, safety, and 
amenity advantages. For example, de¬ 
coupling mass from size improves accel¬ 
eration and roominess, while crash- 
energy absorption per kilogram in¬ 
creases fivefold. Hence, many auto¬ 
makers are considering adding compos¬ 
ite crash structures to steel cars. 

Our 1995 paper for the International 
Body Engineering Conference (www. 
rmi.org/hypercars/) used the industry- 
standard model to estimate the cost of 


the GM Ultralite’s carbon-fiber body at 
$2,500-$3,100, excluding later savings 
in finishing, other components, and car 
assembly. Field and Clark’s single esti¬ 
mate of $6,400 for the same body 
assumed that carbon fiber cost 2.5 times 
its actual 1995 bulk price and manufac¬ 
turing/assembly cost twice our highest 
projection. Mass optimization illustrated 
by other concept and pilot cars (the 
Ultralite is far from the lightest yet built, 
as the authors claim) could further cut 
costs—enough, we found, to compete 
with steel unibodies. 

Moreover, we assumed an annual pro¬ 
duction volume of 100,000 vehicles per 
model. The authors claim that’s low. How¬ 
ever, the market suggests otherwise: 25 per¬ 
cent of U.S. cars sold are made at lower 
volumes. That percentage would be higher 
absent the automakers’ focus on amortiz- 
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ing costly tooling for steel cars. MIT’s 
International Motor Vehicle Program 
ascribes much Japanese success to ever 
smaller, more nimble runs that enhance 
customer choice and reduce financial risk. 
Composites nicely fit this approach. 

Success in the highly competitive 
global car market demands boldness, 
not incrementalism, no matter which 
body material is used. Faster product 
cycles, lower capital intensity, agile man¬ 
ufacturing, and whole-system design are 
vital to corporate survival. They’re 
inherent in each new material Field and 
Clark mention, including high-strength 
steel. Yet the authors misrepresent 
lightweight-metal options as incremental 
and composite ones as radical. 

Cost and manufacturability are 
empirical questions. Some 25 firms have 
already bet large sums that advanced- 
composite ultralights—as industry 
doyen Robert Cumberford predicted in 
Automobile (October/November 
1996)—will make them rich. With GM 
publicly announcing halved-weight-and- 
drag hybrid-electric-car development 
and Toyota leaking word of a Corolla- 
class, 80-mpg hybrid costing approxi¬ 
mately $22,500 supposedly slated for 
volume sales in Japan later this year, we 
won’t have to wait long to see how 
lightweight cars fare. 

AmoryB. Lovins 
Michael M. Brylawski 
David R. Cramer 
The Hypercar Center 
Rocky Mountain Institute 
Snowmass, Colo. 

Field and Clark are out of touch with 
some of the car companies’ aluminum¬ 
intensive activities. Whereas the authors 
claim that Ford is developing 20M0 all¬ 
aluminum Taurus sedans, this effort was 
completed two years ago and 20 of the 
sedans are now being used regularly by 
Ford’s partners in the project. These 
vehicles weigh 381 pounds less than the 
standard steel car. Furthermore, Ford 
equipped several vehicles in its test fleet 
with lighter power trains, almost dou¬ 
bling the weight savings. The GM EV1 
also uses an aluminum unibody. It is 


important to note that today’s alu¬ 
minum structures outperform any exist¬ 
ing steel structure, owing to their light 
weight, high torsional rigidity, and 
crashworthiness. 

The article also includes several other 
misunderstandings: 

■ Contrary to the authors’ assertion, there 
is absolutely no problem in shaping alu¬ 
minum into the structural panels that 
compose unibodies or into the internal 
panels for space frames. 

■ The average weight of cars has fallen 
from about 3,900 to 3,200 pounds, not 
from 3,500 to 2,500 pounds as the 
authors claim. In fact, today’s Chevrolet 
Cavalier, a popular small car, weighs 
2,795 pounds. 

■ The density of aluminum is 34 percent 
that of steel, not 45 percent. 

■ Aluminum (and steel) do melt at the 
joining surfaces during spot welding to 
form cast nuggets; it is not a diffusion¬ 
bonding process. 

■ The welding time for aluminum is 
shorter, not longer, than for steel, owing to 
aluminum’s higher thermal conductivity. 

■ At just half the weight, aluminum pro¬ 
vides the same crash-energy absorption 
as steel. 

M.J. Wheeler 
Director of Research 
Alcan International Limited 
Kingston, Ontario, Canada 

Field and Clark erroneously call Ford’s 
joint effort with aluminum companies to 
produce all-aluminum Taurus sedans 
“Concept 2000.” In fact, the project is 
known as the Aluminum Intensive Vehi¬ 
cle Program. The project was not 
“intended only as a test of manufactura¬ 
bility.” The resulting vehicles, which 
were made with aluminum body struc¬ 
tures and closure panels that were 400 
pounds lighter than traditional compo¬ 
nents, were subjected to a full range of 
testing, including crash and durability. 
That these vehicles performed as well as 
or better than steel vehicles is a clear 
indication that lightweight cars can be 
designed to be crashworthy. Therefore, 
the authors’ claim that “a lightweight 
car cannot rely on its structural compo- 
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nents to protect passengers in the event 
of a crash and so will need to employ 
additional systems, like airbags, which 
add some weight,” is inaccurate. In fact, 
one of the functions of the vehicle struc¬ 
ture is to absorb crash energy by col¬ 
lapsing in a controlled way. Airbags and 
other occupant-restraint devices do play 
a vital role in protecting passengers, but 
they cannot replace the role of the vehi¬ 
cle structure in a crash. 

Field and Clark assert that weight 
reduction in automobiles has been 
mostly accomplished by downsizing, and 
that engineers are reluctant to experi¬ 
ment with new materials. Actually, the 
evidence is to the contrary. For example, 
since 1975, the weight of aluminum per 
vehicle has increased by a factor of 2.5 
to about 250 pounds per car. During that 
same period the use of other weight-sav¬ 
ing materials has also grown: plastics 
have increased by a factor of more than 
two, magnesium is experiencing double¬ 
digit growth, and high-strength steel has 
tripled and now represents 20-25 per¬ 
cent of the typical body structure. Over¬ 
all, lightweight materials compose 30 
percent of today’s average vehicle. This 
trend will surely continue as develop¬ 
ment programs, including PNGV, 
improve the technical and economic fea¬ 
sibility of lightweight materials. 

Andrew M. Sherman 
Senior Staff Technical Specialist 
Ford Research Laboratory 
Dearborn, Mich. 

Continued on page 64 


Correction 

We neglected 
to credit Sys¬ 
tems for World 
Surveillance, 
Inc. (e-mail: sws 
@rsat.com), for 
a photograph 
that appeared in 
“Painting the Town White—and 
Green” (page 54, TR February/ March 
1997). We regret the omission. 


The Physics 
of Baseball 

by Robert K. Adair 

Former “Physicist 
of the National 
League,” Robert 
K. Adair explains 
the physics 
behind pitching, 
batting, and the 
flight of the ball, from why curve 
balls curve to how cork affects a bat. 
Paperback, llOpages, $11.00 

Keep Your Eye 
on the Ball: 
The Science & 
Folklore of 
Baseball 
by Robert G. Watts 
& A. Terry Bahill 

Become an expert 
on the science of 
baseball! Engi¬ 
neers Watts and Bahill put some of the 
sport’s most cherished myths to the test 
of scientific scrutiny. You’ll get answers 
to questions like: Could Sandy Koufax’s 
curve really have acted like it “fell off 
a table”? And why does a well-pitched 
knuckle ball silence so many bats? 
Paperback, 213 pages, $12.95 
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Tennis Science 
for Tennis 
Players 

by Howard Brody 

Physicist Howard 
Brody explains how 
to win more points 
and add to your 
enjoyment of the 
game by taking 
advantage of the laws of nature. You’ll learn 
how to match equipment, strokes, and strat¬ 
egy to improve your game. 

Paperback, 150pages, $19-95 

New Rules 
For Classic 
Games 

by R. Wayne 
Schmittberger 

If rules are made 
to be broken, 
then dust off 
those old games 
lying dormant in 
your closet, because your game playing 
just got a lot more exciting! New Rules 
for Classic Games, by games expert R. 
Wayne Schmittberger, is a complete guide 
to hundred of new twists and variations 
guaranteed to expand and enliven your 
game repertoire. 

Paperback, 245pages, $9-95 


The Physics of Baseball @$11.00 - 

Keep Your Eye On the Ball @$12.95 - 

Tennis Science @$19-95 - 

New Rules For Classic Games @ $9-95 - 

Shipping (see chart) - 

Total - 
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Arsenic and Old Waste 

I ’ Arsenic has a bad reputation—for 
good reason. In part, it’s a potent 
poison, as everyone familiar with mur¬ 
der mysteries knows. But while it’s 
rarely used as a weapon in the real 
world, it does turn up as a contaminant 
in the environment—and mere traces of 
the stuff ingested from, say, water, can 
eventually lead to cancer. Arsenic taints 
more than 700 hazardous-waste sites 
across the nation, including lakes and 
rivers in or near many major cities. Typ¬ 
ically the toxin comes from waste dump¬ 
ed decades ago by manufacturers of in¬ 
secticides and other chemicals. 

The question becomes what to do 
with sites contaminated with arsenic—a 
metal that can combine with oxygen, 
carbon, and other elements into various 
compounds, some that are more toxic 
and that travel more easily through the 
environment than others and hence are 
more likely to be ingested. Ideally, health 
officials would like to remove arsenic 
from water and soil. At the least, they’d 
like to minimize its exposure to humans. 
But neither can be adequately accom¬ 
plished until researchers learn the basics 
of how arsenic moves in the environ¬ 
ment and how compounds containing it 
change over time. 

Harry Hemond, a professor of civil 
and environmental engineering at MIT, 
has been examining such matters for 
almost 10 years. Hemond, who also 
directs the Ralph M. Parsons Laboratory, 
which conducts studies in water resources 
and environmental engineering at MIT, 
has been researching arsenic in the Aber- 
jona Watershed, a 25-square-mile pol¬ 
luted stretch of water north of Boston. 

In this aquatic ecosystem Hemond 
finds that arsenic often cycles between 
two compounds. One, arsenite, is a 
highly toxic substance that dissolves and 
moves easily in water and that humans 
can thus ingest. The other, arsenate, is a 
less soluble and less toxic variety that 
iron-rich particles tend to absorb before 
settling deep in lake sediments. 

Factors such as temperature, dissolved 
oxygen, organic matter, and microbe 
populations determine the relative pro¬ 



portions of arsenate and arsenite in 
water, Hemond says. He and his stu¬ 
dents have therefore been sampling lakes 
in the watershed under many conditions. 

The group is constantly developing 
new techniques to obtain results that are 
as accurate as possible. For instance, 
David B. Senn, an environmental-engi¬ 
neering doctoral student, has designed a 
pump to collect and filter water samples 
from murky, oxygen-free lake bottoms 
without introducing any oxygen. Be¬ 
cause the highly toxic arsenite differs 
chiefly from its chemical cousin arsenate 
in containing less oxygen, any addition 
of that element could lead to unrealisti¬ 
cally high readings of the safer com¬ 
pound. Typically, water-filtering devices 
allow some air—and hence oxygen—to 
enter the samples. But Senn’s apparatus 
starts out filled with nitrogen. That phys¬ 
ically prevents any arsenic-oxygen reac¬ 
tions when researchers introduce lake 
water into the instrument. The fact that 
the MIT device filters below the water 
surface rather than in a laboratory, as is 
the norm, also helps, Hemond explains. 

Through its years of sampling work 
Hemond’s group has discovered that 
arsenic levels in bottom waters can 
change dramatically. In 1992 and 1994, 
the team found roughly the same amount 
of arsenic along the bottom of a lake that 
receives Aberjona drainage. But sediment 
levels skyrocketed in 1993. Thus, says 
Hemond, health researchers can’t “just 
grab one sample” to analyze an area’s le¬ 
vel of contamination. The fluctuations 


Researchers study¬ 
ing how arsenic 
travels through the 
environment have 
developed this 
instrument that 
quickly identifies 
different layers of 
soil and sediment, 
partly by inducing 
and measuring 
changes in water 
pressure. The 
information can 
suggest preferred 
pathways for water 
laced with arsenic. 


could reflect the activ¬ 
ity of organisms that 
absorb and release the 
metal, he suggests. 

Indeed, Hemond’s 
group has discovered 
that bacteria play a 
major role in convert¬ 
ing arsenate to arsen¬ 
ite. In 1994, then- 
graduate student 
Dianne Ahmann— 
now an assistant pro¬ 
fessor of microbial 
ecology at Duke Uni¬ 
versity—and Fran¬ 
cois Morel, a profes¬ 
sor of geochemistry at Princeton Univer¬ 
sity, found in sediment samples a 
bacterium that takes up arsenate, uses its 
oxygen for energy, and releases arsen¬ 
ite. Ahmann’s lab is studying the poten¬ 
tial of the microbe, named MIT-13, for 
remediating arsenic-laden sites so that 
technicians do not have to excavate large 
quantities of contaminated soil. Engi¬ 
neers might be able to treat small, iso¬ 
lated areas with MIT-13 to mobilize the 
arsenic. Although that would result in a 
more toxic compound, engineers could 
then pump it out and purify it for reuse 
in chemicals employed in industries that 
today are subject to tight environmental 
regulations. Or engineers could pump 
out, concentrate, and dispose of the 
arsenic in designated landfills. 

Meanwhile, Hemond’s lab, in its con¬ 
tinuing quest to catalog environmental 
factors that influence arsenic, has started 
investigating other life forms and physi¬ 
cal processes that may affect the pollu¬ 
tant. For example. Laurel Schaider, an 
undergraduate student in environmen¬ 
tal-engineering science at MIT, is work¬ 
ing to cull from sediment a bacterium 
that is apparently converting the more 
toxic arsenite to arsenate. Hemond says 
that beyond identifying the species, 
determining how quickly it oxidizes 
arsenite and how it can grow are neces¬ 
sary steps for indicating whether it could 
be a catalyst useful in a “low-cost arsenic 
removal system for small villages” where 
drinking water contains the metal. 

—Kathryn S. Brown 
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BOTTLES THIS YEAR, LANDFILLS CAN BE FILLED WITH OTHER THINGS. 

Like land, for instance. 



We can’t make more land. But we can do 
more to protect what we have. In fact, this 
year Phillips Petroleums plastics recy¬ 
cling plant will process over 200 million 
containers.This effort will help reduce landfill 


waste and conserve natural resources. And 
that will leave another little comer of the 
world all alone. At Phillips, tliats what i t means 
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or visit us at wwwphillipsb6.com. 



High-Tech Help 
for Dirty Diesels 

Driving behind a bus or truck as it 
belches smelly exhaust fumes is 
enough to convince anyone that emis¬ 
sions from diesel engines should be 
cleaned up. But while gasoline-engine 
manufacturers have reduced harmful 
emissions in their new vehicles by some 
90 percent over the past 25 years, makers 
of diesel engines have thus far managed 
to reduce noxious exhaust fumes by only 
about half that percentage. 

Now, however, researchers at the Uni¬ 
versity of Southern California are devel¬ 
oping a device that uses high-energy elec¬ 
trons to zap noxious diesel exhaust, re¬ 
ducing it to water vapor, carbon dioxide, 
and air. Within a few years, the tech¬ 
nique may prove to be a cost-effective 
way to bring diesel engines into compli¬ 
ance with ever more stringent emissions 
standards. 

According to the Environmental Pro¬ 
tection Agency (EPA), heavy-duty diesel 
engines produce 25 percent of all vehicle¬ 
generated nitrogen oxides (NO x )—the 
source of nitric acid (HNO 3 ), a main 
component of acid rain and a major 
source of urban smog. Though the first 
comprehensive federal regulations con¬ 
trolling the emissions of motorized vehi¬ 
cles were initiated under the Clean Air 
Act of 1970, the first NO x standards 
specifically for diesel emissions did not 
go into effect until 1984. Then, when air 
quality continued to worsen from in¬ 
creased traffic, Congress passed the 
Clean Air Act of 1990, which forced 
manufacturers of trucks and buses to 
reduce NO x emissions by 50 percent rel¬ 
ative to the 1984 standard. Finally, in 
1995, the EPA, in concert with the Cali¬ 
fornia Air Resources Board and produc¬ 
ers of heavy-duty engines, drafted a 
statement of principles that led the EPA 
to set the latest standards aimed at cut¬ 
ting diesel NO x emissions another 50 
percent by 2004. 

Diesel engineers have thus far reduced 
emissions largely by replacing mechani¬ 
cal air-intake and fuel-delivery controls 


Trends 



with more effective electronic systems. 
Now researchers, including Martin Gun- 
dersen and Victor Puchkarev, a pair of 
electrical engineers at the University of 
Southern California, are exploring 
exhaust after-treatment systems. Based 
on a “pulsed-power” electronic circuit 
that originated in the 1950s and was 
refined during work on the Strategic 
Defense Initiative in the 1980s, their 
device uses short bursts of high-energy 
electrons to break down NO x and other 
sooty particulates in diesel exhaust before 
they make their way to the atmosphere. 

The USC group has developed a 
chamber that can be incorporated into a 
diesel-exhaust system much like a cat¬ 
alytic converter is used in gasoline-pow¬ 
ered vehicles. Inside the chamber, a spe¬ 
cial electronic switch produces a short 
electrical pulse, like the burst from a 
camera’s electronic flash attachment, at 
the rate of thousands of electrical dis¬ 
charges per second. When energetic elec¬ 
trons from these rapid-fire high-voltage 
sparks are injected into the exhaust 
stream, similar to the way an electron 
beam is fired into a fluorescent tube, they 
strike air and water vapor molecules pre¬ 
sent in the exhaust. The collisions create 
an ion plasma—an assortment of elec¬ 
trons and charged particles of nitrogen, 
oxygen, and hydroxide—which, in turn, 
reacts with NO x and particulate hydro¬ 
carbons to produce carbon dioxide, air, 
and water vapor. 

Early prototypes proved the concept 


but were inefficient, requir- 
ing as much as 50 percent of 
A the engine’s power for their 

% ^ operation. However, Gun- 

dersen claims that the team has 
recently improved the efficiency of the 
device “by an order of magnitude,” 
bringing it into a range that manufactur¬ 
ers of diesel-powered vehicles would find 
appealing. 

To achieve the dramatic improvement, 
Gundersen says his team tweaked the 
device to shorten the duration of each 
pulse from about 200 nanoseconds (bil¬ 
lionths of a second) to about 50 nanosec¬ 
onds. Because electron acceleration 
occurs only in the initial stages of the 
pulse, shortening the bursts raised the en¬ 
ergy of the electrons in the plasma while 
consuming much less energy overall. 

According to Bernard M. Penetrante, 
a physicist who heads the Environmental 
Plasma Technologies group at Lawrence 
Livermore National Laboratory, a dozen 
or more groups worldwide are now 
engaged in similar R&D work that may 
eventually compete for a share of a huge 
potential market. Indeed, the EPA esti¬ 
mates that some 5 million heavy-duty 
and 2 million light-duty diesel vehicles 
now roll along U.S. roads, and that sev¬ 
eral hundred thousand new diesel vehi¬ 
cles are sold in the country each year. 

Gundersen estimates that a pulsed- 
power after-treatment device would cost 
on the order of $1,000. If that proves to 
be the case, the market could easily be 
worth several billion dollars. And the 
market may not be limited to diesel 
engines. Penetrante notes that any device 
that can reduce NO x to benign products 
in a diesel exhaust pipe can also be 
applied to gasoline engines. He explains 
that similar conditions exist in new lean- 
burn (high air-to-fuel ratio) gasoline 
engines, and that new technologies such 
as pulsed power will be critical for allow¬ 
ing the next-generation vehicles to meet 
ever-stricter emissions requirements. 

— Laura JeanPenvenne 

Visit our Home Page to find links on the 
Internet to sources of information 
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Repairing Severed 
Spinal Cords 

■ With its army of cells and myriad 
antibodies, our immune system is 
well designed to repel attacks by harmful 
bacteria, viruses, and other microbes. 
But it may also hold a key to a long¬ 
standing mystery—how to treat spinal- 
cord injuries that each year leave thou¬ 
sands of people paralyzed. A well- 
known example is the unfortunate 
outcome of actor Christopher Reeve’s 
fall from a horse. 

The hope for new treatments stems 
from recent research on macrophages— 
immune cells that are among the first to 
arrive on the scene when the body suffers 
a wound or infection. Drawn by chemi¬ 
cals released at the damaged area, 
macrophages rush to sites of inflamma¬ 
tion and act like cellular vacuum clean¬ 
ers, ingesting invading microorganisms, 
dead or dying cells, and any other debris. 

This clean-up work is essential be¬ 
cause it allows the body to repair a 
wound efficiently. If you think of a 
wound site as a pothole in the street, the 
job of macrophages is to remove any 
pieces of crumbled pavement before the 
hole gets filled in. 

Yet growing evidence suggests that the 
human central nervous system—the 
brain and spinal cord—denies itself the 
healing touch of these immune cells. 
While macrophages do not normally 
exist in the central nervous system, they 
should seemingly be able to migrate 
there when beckoned by inflammatory 
chemicals. Several years ago, however, 
researchers began to show that few 
macrophages respond to brain or spinal- 
cord injuries. 

Following up on that lead, a research 
team led by Michal Schwartz of Israel’s 
Weizmann Institute of Science has re¬ 
cently found that the mammalian central 
nervous system secretes a molecule that 
inhibits the recruitment and activity of 
macrophages. According to Schwartz, 
the molecule, which the researchers have 
yet to name, also restrains microglia— 
cells in the brain that appear to closely 


monitor the health of neurons and trans¬ 
form themselves into macrophages in 
response to certain stimuli. 

Why would our central nervous sys¬ 
tem possess the means to inhibit the nor¬ 
mally helpful immune system? Schwartz 
speculates that exerting control over 
macrophages is vital if the mammalian 
brain is to prevent inadvertent destruc¬ 
tion of its intricate neural circuits. She 
notes that macro¬ 
phages are indis¬ 
criminate eaters, 
sometimes devour¬ 
ing healthy cells at a 
wound site as easily 
as bacteria and dead 
cells. In most tissues, 
that’s a reasonable 
tradeoff to guarantee 
that a wound is prop¬ 
erly cleaned. In the 
brain and spinal cord, 
however, any loss of 
cells might be disas¬ 
trous. So Schwartz 
believes that the cen¬ 
tral nervous system 
eliminated the risk 
that macrophages 
might mistakenly 
harm it by developing 
agents that suppress the 
cells. “It’s a benefit for 
the healthy brain,” she 
says, “but it’s a draw¬ 
back when there’s an 
injury.” 

Schwartz contends 
that the suppression of 
these immune cells un¬ 
derlies the well-docu¬ 
mented inability of the 
human spinal cord to 
repair itself. In a spinal 
cord injury, a person re¬ 
mains paralyzed because the cord’s 
axons, the long cables that link one 
nerve cell to another, do not regenerate 
when crushed or severed. Damaged 
nerve cells do send out new extensions, 
but growth of these fledgling axons 
quickly stalls. 

Why spinal cord axons in humans fail 


to fully regenerate, while axons in arms 
and legs and elsewhere in our peripheral 
nervous system do so with relative ease, 
has long been a frustrating mystery. For 
decades, scientists simply thought mam¬ 
malian spinal cords did not have the 
ability to repair axons. A consensus has 
recently emerged that axons in the cen¬ 
tral nervous system can indeed regener¬ 
ate but that substances 
in their environment 
actively thwart their 
complete regrowth. 
For example, besides 
Schwartz’s macro¬ 
phage-inhibiting 
molecule, the cen¬ 
tral nervous system 
contains a type of 
myelin—the fatty 
insulation sur¬ 
rounding axons— 
that includes at 
least one protein 
that directly stops a 
regenerating axon in 
its tracks. Curiously, 
myelin from the 
peripheral nervous 
system does not con¬ 
tain this protein. 

Schwartz maintains 
that macrophages are 
needed to efficiently 
clean up loose myelin, 
which harbors the 
axon-inhibitory pro¬ 
tein, and other materi¬ 
als that pervade the site 
of a spinal cord injury. 
In recent experiments 
on rats, Schwartz’s 
group tested the thera¬ 
peutic powers of ma¬ 
crophages on severed 
optic nerves, the thick 
bundles of axons that transmit informa¬ 
tion between the eye’s retina and the 
brain. Investigators work with optic 
nerves because they match spinal cords 
in their inability to regenerate axons 
after an injury and can be monitored 
more easily. Last fall, Schwartz’s group 
reported that macrophages placed at the 



When researches severed rat 
spinal cords by inserting special 
tubes into the spinal column 
(top), local immune cells called 
macrophages (shown in yellow) 
wandered into the resulting gap 
but did little to repair the damage. 
When the tubes contained 
macrophages from other parts 
of the body, however, these cells 
triggered dramatic regrowth of 
nerves and blood vessels (bottom). 
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site of a rat’s severed optic nerve spurred 
the regrowth of new axons across the 
lesion. 

The challenge was to trigger the ma¬ 
crophages, which normally exist in a qui¬ 
escent state, to enter their wound-healing 
vacuum-cleaner mode. The researchers 
found that when the immune cells were 
first grown in the laboratory with tissue 
from the rats’ central nervous system, the 
macrophage transplants failed, presum¬ 
ably because the immune-suppressing 
molecule discovered by Schwartz’s 
group prevented the activation of the 
cells. But when macrophages were 
grown with peripheral nerve segments, 
transplants of the cells stimulated axons 
to regenerate. 

Scientists who have conducted similar 
experiments on the crushed spinal cords 
of rats have also obtained encouraging 
results. “We took activated macro¬ 
phages, put them in the injured spinal 
cord, and found enhanced regenera¬ 
tion,” says Wolfgang Streit, a neurosci¬ 
entist at the University of Florida Brain 
Institute. Streit proposes that the ma¬ 
crophages, in addition to their clean-up 
functions, may prepare paths for grow¬ 
ing axons by laying down components 
of the extracellular matrix, a mesh of 
proteins and other molecules that fills in 
the space between cells. 

Though the early findings have been 
tantalizing, using macrophage trans¬ 
plants to treat spinal cord injuries is a 
strategy still in its infancy. The next crit¬ 
ical step is to prove that the spinal-cord 
axons that regenerate after macrophage 
therapy can actually restore function to 
paralyzed limbs. Both Streit and 
Schwartz are already conducting animal 
studies to explore that question. 

Although such evidence is not yet in 
hand, researchers are optimistic that 
macrophage-transplant therapy will 
become part of the arsenal physicians use 
to treat damaged spines. “The question is 
no longer whether spinal cord axons can 
regenerate,” says Wise Young, a spinal- 
cord injury investigator at New York 
University, “but how we can get them to 
regrow much more efficiently.” 

—John Travis 


An Added Dimension 
in Display Technology 

While we see in 3D, most pictures 
exist only in 2D. Even clever 
attempts to make convincing three- 
dimensional representations of objects— 
Victorian-era stereoscopes, green-and- 
red-lensed spectacles for 1950s B mov¬ 
ies, even sophisticated holographic 
images—all strain to create the illusion 
of three dimensions on a two-dimen¬ 
sional surface. 

Now Elizabeth Down¬ 
ing, a former Stanford 
University graduate engi¬ 
neering student turned 
entrepreneur, has taken a 
completely different ap¬ 
proach by building a true 
3D display. Though small 
and rudimentary, her 
proof-of-principle inven¬ 
tion—a sugar-cube-sized 
block of special glass— 
can come alive with danc¬ 
ing colors that exhibit 
height, width, and, most 
importantly, depth. 

The new technology 
“doesn’t create an image 
that appears to be three- 
dimensional,” Downing 
says, “it actually produces 
an image that is drawn in three dimen¬ 
sions.” As a result, it places few restric¬ 
tions on the viewing angle or the number 
of people who can observe the images at 
the same time. Moreover, the images are 
emissive—they glow rather than 
reflect—so viewers can easily see them 
under ordinary room light without spe¬ 
cial glasses or headgear. 

The display’s unique characteristics 
seem to make it a natural for potential 
use in, for example, medical diagnostic¬ 
imaging systems, arcade games, com¬ 
puter-aided-design tools, and air-traffic- 
control monitors. The display could also 
be employed as a scientific-visualization 
aid for analyzing weather patterns, air 
flows around an aircraft, and other com¬ 
plex multidimensional sets of data. 


The patented device, now being com¬ 
mercialized by Downing’s new com¬ 
pany, 3D Technology Laboratories of 
Mountain View, Calif., uses a pair of 
infrared lasers to selectively excite fluo¬ 
rescent metallic particles suspended in a 
clear glass cube, measuring 1.5 centime¬ 
ters on a side. When these special rare- 
earth metal additives (also called do¬ 
pants) are mixed into the molten glass 
during manufacturing, they “distribute 
themselves evenly throughout the glass 
like chocolate chips in a cookie,” Down- 



By shooting infrared lasers at tiny fluorescent 
metalparticles in this sugar-cube-sized block 
of glass, a former Stanford engineering student 
creates brightly glowing images that convey 
scien tific information in three dimensions. 


ing says. When a spot inside the solidi¬ 
fied glass is illuminated with invisible 
infrared light, the tiny impurities glow 
brightly. 

The ability to visualize real-time volu¬ 
metric data in true three-dimensional 
form has been the Holy Grail of display- 
development efforts for decades. And 
while the concept of depicting 3D objects 
in fluorescent glass dates back at least to 
the mid-1960s, not until the early 1970s 
did researchers at Battelle Laboratories in 
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Columbus, Ohio, succeed in generating 
two faint dots of light inside a crystal of 
erbium-doped calcium fluoride using 
high-intensity light from xenon lamps, 
similar to that generated by halogen 
sources. But that was as far as they got. 

Realizing that inexpensive but pow¬ 
erful lasers and new optical materials 
had since become available, Downing, 
working as an engineer on laser-based 
equipment at FMC Corp.’s Technology 
Center in Santa Clara, Calif., believed 
the time to develop the technology was 
at hand. When she came to Stanford for 
further graduate studies in 1988, she 
continued her research on 3D displays 
with Lambertus Hesselink, a professor 
of electrical engineering at the university, 
receiving a $350,000 U.S. Navy grant 
and additional support from the Defense 
Advanced Research Projects Agency to 
pursue the concept. 

The prototype display she developed 
is based on a principle called “upcon- 
version.” Certain rare-earth elements 
exhibit this phenomenon by emitting vis¬ 
ible light when struck in quick succes¬ 
sion by two infrared laser beams of given 
wavelengths. Neither beam has enough 
energy to cause fluorescence by itself, 
Downing explains, but the combined 
energy of the two can cause an ion in the 
glass to glow. 

When the ion, which normally 
remains at its lowest energy level, 
absorbs energy from the first laser, it 
makes a transition to an intermediate 
excited phase, where it remains for a 
short time. When an ion in this phase is 
struck by the second laser beam it 
absorbs energy at the second wave¬ 
length, undergoes a transition to an even 
more excited state, and re-emits most of 
its excess energy as a single photon of 
visible light as it decays back to its 
ground state. 

To enable the prototype display to 
produce color images, Downing assem¬ 
bled the small glass cube from three lay¬ 
ers of fluoride glass developed for com¬ 
mercial fiber-optic lasers and optical 
amplifiers. Each layer contains ions that 
emit one of the three additive primary 
colors—a layer doped with praesodym- 


ium glows red, another with erbium 
glows green, and a third with thullium 
glows blue. 

Downing assigned addresses to precise 
points on each glass layer. Then by pro¬ 
gramming a pair of laser scanners she 
borrowed from optical disk players, she 
was able to direct the laser beams verti¬ 
cally and horizontally as well as back¬ 
ward and forward through the cube. By 
controlling exactly where the two invisi¬ 
ble laser beams crossed in the transpar¬ 
ent glass, she was able to light up a fluo¬ 
rescent additive of a given color—much 
like an electron beam lights up particular 
phosphors on a color television screen— 
to produce the desired image. 

Each turned-on point of light—called 
a volume element, or voxel—is like a 
World War II bomber caught in the 
intersection of two searchlight beams. 
However, voxels are tiny. In fact, beams 


focused to a diameter of 100 microns, 
produce roughly 300 voxels around the 
perimeter of a circle one centimeter in 
diameter. 

The display in Downing’s initial pro¬ 
totype is composed of a stack of only 
three individual glass layers glued 
together with an optically compatible 
adhesive to form a composite structure. 
However, the inventor intends to build 
a larger-scale 3D color system by assem¬ 
bling many thin doped layers arranged in 
a repeated sequence—red, blue, green; 
red, blue, green; and so on—to enable 
the creation of high-resolution color 
images. In fact, Downing has already 
begun evaluating new display materials 
and has started work on her next pro¬ 
ject (for which she says she has received 
venture-capital funding): building a dis¬ 
play using a 6-inch glass cube. 

—John Drake 
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Have Lab,Will Travel 

Remember the bookmobile—the 
friendly traveling emissary from 
the local library whose mission was to 
interest kids in reading by bringing 
books to them at school? Now two pro¬ 
fessors at Boston University are reviving 
the concept with an updated mission: to 
expose students to state-of-the-art labo¬ 
ratory techniques in biomedical sciences. 

Toward this end, Connie Phillips, an 
assistant research professor with nearly 
two decades of experience teaching biol¬ 
ogy to undergraduates and high school 
students, and Carl Franzblau, associate 
dean for medical sciences and chair of 
the biochemistry department, are outfit¬ 
ting a mobile lab with all the equipment 
needed to conduct a full range of exper¬ 
iments in modern molecular biology and 
genetic engineering. Workstations in a 
40-foot, custom-designed school bus 
with room for 20 students contain all 
the accoutrements found in a modern 
lab, from test tubes and pipettes to incu¬ 
bators and spectrophotometers. The 
mobile unit will travel to high schools 
and middle schools throughout the 
Boston area to augment the students’ 
biology classes. 

“Our aim is to provide access to lab¬ 
oratory facilities and hands-on biotech¬ 
nology learning otherwise unavailable to 


most school systems,” says Phillips. 
“We’re seeing an enormous gap between 
the type of equipment and techniques 
high-school students are normally 
exposed to and those used in modern 
research,” she says. “Unfortunately, it’s 
just not practical to outfit all our public 
high schools with this kind of special¬ 
ized and expensive equipment.” 

Phillips and Franzblau’s mobile lab 
builds upon their overwhelming success 
in a similar effort called CityLab, a sta¬ 
tionary facility at the Boston University 
School of Medicine that now serves as a 
fully equipped regional biotechnology 
resource for middle and high schools. 
Since it was founded in 1991, CityLab 
has increased its capacity to 50 students 
per day throughout the school year and 
is still booked a year in advance. So far 
more than 10,000 students and 1,000 
teachers have visited the lab to partici¬ 
pate in the day-long curriculum. 


CityLab challenges students to solve 
mysteries by applying the concepts used 
in modern biology laboratories. In prepa¬ 
ration for their visit, students are grouped 
into teams, presented with the mystery 
they will work to solve, and, with the aid 
of their teacher, offer preliminary ideas 
about the problems. When they reach the 
lab, they can apply the latest high-tech 
procedures to find the solution. In the 
“mystery of the crooked cell,” for 
instance, students, acting as medical 
researchers, determine whether their 
patient has sickle cell anemia by using 
electrophoresis, which separates red 
blood cells according to size in order to 
differentiate sickle cells from normal 
hemoglobin. In another module, the stu¬ 
dents find the perpetrator of a crime by 
using DNA fingerprinting techniques. 

Phillips says the CityLab program 
grew out of summer workshops she and 
Franzblau offered in the late 1980s at 
Boston University School of Medicine to 
high-school science teachers who sought 
to update their knowledge of procedures 
in the fast-changing biotechnology field. 
The teachers were inspired by the work¬ 
shops, Phillips says, but they “com¬ 
plained they had no place to teach the 
exciting things they were learning about. 
We wanted to respond to that need.” 

By all accounts, however, the team 
didn’t realize how widespread the inter¬ 
est in their program would be. “We 
never expected the flood of inquiries 
from all over or the one-year waiting list 
despite our efforts to expand the pro¬ 
gram,” Franzblau says. So far, several 
area public schools have lauded CityLab, 
and the nearby Cambridge and Quincy 
public schools have made the program 
an official part of their seventh- and 
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eighth-grade curricula. CityLab has also 
spawned satellite programs around New 
England and as far away as Alaska and 
Glasgow, Scotland. 

Unfortunately, though, as Phillips 
notes, even organizing a day-long field 
trip is beyond the capacity and budget 
of many schools. The CityLab team 
wanted to make the laboratory experi¬ 
ence even more accessible and had 
thought for several years, Phillips says, 
about the possibility of “putting it on 
wheels.” In part to offer more capacity 
and in hopes of reaching a greater diver¬ 
sity of students, the team created the 
mobile lab. “It can pull into the parking 
lot and the students can march out and 
get right on the bus,” she says. “We’re 
hoping the sheer availability will help us 
reach a lot of new teachers and stu¬ 
dents,” she says. Moreover, Franzblau 
notes, the accessibility offered by a 


mobile laboratory means students won’t 
have to take a full day off to use its 
resources; various classes can spend 
shorter periods in the lab. 

Starved for resources, science teach¬ 
ers in underfunded public-high-school 
systems might well be attracted to a 
mobile lab program. But that initial 
impetus can’t fully explain the popular¬ 
ity of the program among students. 
Phillips stresses that students find the 
authenticity of the lab exciting. “They 
recognize the fact that some of the 
equipment is expensive and specialized, 
and they show a tremendous amount of 
respect,” she says, adding that in all the 
years she has run the CityLab program 
she has never seen even one instance of 
vandalism. “I think students pick up on 
the fact that this is the real thing,” she 
says. And the design of the curriculum 
gives students a reason for being in the 


lab and a serious job to perform. 

The best part, though, Phillips says, is 
that the experience is not just authentic 
but also accessible. “Students often real¬ 
ize that molecular biology is do-able, 
that you don’t have to be really brilliant 
to do this work”. As Franzblau puts it, 
“If we get even a small subset of students 
stimulated, we feel we’ve accomplished 
something important.” 

Franzblau doesn’t hesitate to forecast 
further expansion. If the mobile lab 
proves successful, he says, a fleet of three 
or so could rotate to cover a wider range 
of Boston-area schools. And he’s excited 
at the prospect that satellite lab pro¬ 
grams around the country can build on 
the team’s curriculum and share experi¬ 
ences. “The need is there,” he says. 
“Every urban area from Atlanta to Seat¬ 
tle should have one”. 

— Seth Shulman 
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DATA SMOG 


Surviving the Info Glut 

BY DAVID SIH 


D URING the infancy of my career as a freelance writer, a 
man came to my home in Washington, D.C., to install 
a prolific new appliance. The machine gave me access to 
the Federal News Service, which I felt sure would give 
me a leg up. Every day, morning, noon, and night, the printer 
spat out interviews from talk shows only moments after 
they had been broadcast, major speeches from sen- 


ators, ambassadors, and other Washington 
heavies, and absolutely every utterance from 
the White House. Without ever leaving my 
home office, I felt plugged in. 



to churn out ever 
greater volumes 
of information in a 



o 


The installation resulted from my deci- 


Vai iety of formats has s j on to confront the rushing tide head on, 

exceeded our ability to to try to keep pace with the new and speedy, 
process it. Fortunately, and to more or less disregard the old and slow. 
firm action, both per- As P art of this a PP roach 1 doggedly perused 


numerous newspapers, magazines, and wire services; 
I continually checked my e-mail; I watched Cable 


News Network; I stopped spending time with books 
and other cumbersome material that felt more like yesterday. 
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But I soon found that my reliable Federal News Ser¬ 
vice printer expected me to be its equal. It could print 
two pages a minute—why couldn’t I read two pages a 
minute? The printer had just spewed out a dozen tran¬ 
scripts. Was I still working on that same paragraph? 

Somewhere along the line, the empowering eagle 
became an albatross. In a month or so, I pulled the 
plug. The nice man came back and carted the machine 
away. I locked the gate behind him. 

Some years later, in a classroom at Columbia Uni¬ 
versity, I attended a guest lecture given by Brian Lamb, 
sometime anchor of the two C-SPAN channels, which 
broadcast congressional debates and other govern¬ 
ment proceedings. For an hour or so, Lamb spoke con¬ 
fidently about the history of C-SPAN and why he 
believed it to be a vital public service. He boasted of his 
plans to introduce the new cable channels C-SPAN3, 
C-SPAN4, and C-SPAN5. But then his host, Columbia 
economics professor and communications specialist Eli 
Noam, asked Lamb two simple questions: “Is more 
information necessarily good? Does it really improve 
the political process?” 

“I haven’t got a clue as to whether it’s good or bad,” 
Lamb replied. “But you can’t stop this process. It’s the 
American way. Which part of the library or the Inter¬ 
net do you want to shut down? 

At home, at work, and even at play, communica¬ 
tion has engulfed our lives. To be human is to traffic 
in enormous chunks of data. “Tens of thousands of 
words daily pulse through our beleaguered brains,” 
says philosopher Philip Novak, “accompanied by a 
massive amount of other auditory and visual stimuli. 
No wonder we feel burnt.” 

If the concept of too much information seems odd 
and vaguely inhuman, that’s because, in evolutionary- 
historical terms, it is. For 100,000 years people have 
been able to examine and consider information about 
as quickly as they have been able to create and circu¬ 
late it. A range of communication technologies from 
the drum and smoke signal to the telegraph and tele¬ 
phone enabled us to develop and sustain culture and 
overcome our fear of others, diminishing the likelihood 
of conflict. But in the middle of this century the intro¬ 
duction of computers, microwave transmissions, tele¬ 
vision, and satellites abruptly knocked this graceful 
synchrony off track. These hyper-production and 
hyper-distribution mechanisms have surged ahead and 
left us with a permanent processing deficit—what 


David Shenk, a fellow at the Freedom Forum Media Studies Cen¬ 
ter in New York from 1995-6, has written for Harper’s, Wired, 
Spy, and the Washington Post. He can be reached at dshenk@big- 
foot.com. This article is adapted from Data Smog: Surviving the 
Info Glut, published in April by HarperEdge, an imprint of 
HarperCollins. Copyright by David Shenk. 


Finnish sociologist Jaako Lehtonen calls an “informa¬ 
tion discrepancy.” 

In 1850, 4 percent of American workers handled 
information for a living; now most do, and informa¬ 
tion processing, as opposed to manufacturing mate¬ 
rial goods, now accounts for more than half the U.S. 
gross national product. Information has become so 
ubiquitous partly because producing, manipulating, 
and disseminating information has become cheap and 
easy; with a thumb and index finger, we effortlessly 
copy and paste sentences, paragraphs, books, and 
“carbon copy” e-mail to one or one hundred others. 

We crave and pay handsomely for some of the infor¬ 
mation we receive—the seductive, mesmerizing quick- 
cut television ads and the 24-hour up-to-the-minute 
news flashes. It arrives in the form of the faxes we 
request as well as the ones we don’t; we pursue it 
through the Web sites we eagerly visit before and after 
dinner, the pile of magazines we pour through every 
month, and the dozens of channels we flip through 
whenever we have a free moment. 

What is the harm of this incessant barrage of stim¬ 
uli captivating our senses at virtually every waking 
moment? “We’re exceptional at storing information,” 
explains UCLA memory expert Robert Bjork. “But 
there are retrieval limitations.” Memory is stored 
according to specific cues—contexts within which the 
information is experienced. When the contexts begin 
to vanish in a sea of data, it becomes more difficult to 
remember any single piece of it. The more we know, 
the less we know. 

“We’re pushing ourselves to speeds beyond which 
it appears we were designed to live,” says Nelson 
Thall, research director at the University of Toronto’s 
Marshall McLuhan Center. “Electric technology 
speeds up the mind to an extraordinary degree, but the 
body stays in place. This gap causes a lot of stress.” 

At a certain level of input the glut becomes a cloud 
of data smog that no longer adds to our quality of life 
but instead begins to cultivate stress, confusion, and 
even ignorance. Information overload crowds out 
quiet moments and obstructs much-needed contem¬ 
plation. It spoils conversation, literature, and even 
entertainment. It leaves us more vulnerable as con¬ 
sumers and less cohesive as a society. “We tend to 
make very unsophisticated inferences when we’re 
under cognitive load,” says University of Texas psy¬ 
chologist Dan Gilbert. “Thinking deeply cannot be 
done.” Since today’s glutted environment renders con¬ 
sumers distracted and easily open to suggestion, data 
smog may just be the best thing to come along for 
hyperinformed marketers since planned obsolescence. 

This isn’t the first time we have confronted the 
unpleasant side effects of abundance. We who live in 
the most sophisticated and successful nation on earth 
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have routinely found ourselves burdened by 
problems of excess. Now, exploring the crit¬ 
ical distinction between information and 
understanding—and finding some 
healthful remedies- 
of the most important 
things we can do. 
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hen I visited 

an old friend from high school at his 
office at Microsoft one spring, he took me on 
a swing through the company store, where 
employees can buy software for 80 per¬ 
cent off. My eyes darted around 
maniacally and my pulse raced as I 
amassed stacks of CD-ROMs and 
added the latest upgrade of Microsoft 
Word to the pile. The latter seemed like a terrific 
bargain as it included dozens of sensational new for¬ 
matting features like AutoCorrect, AutoText, 100- 
Level Undo, drag-and-drop editing, Table AutoFor- 
mat, and something called Wizards. 

But the bargain on Word 6.0 turned out to be 
wasted cash. After I installed the program’s 13 high- 
density disks onto my hard drive (the previous 
upgrade had required just 5), I found that all the new 
bells and whistles had transformed the program into 
a zoo of capabilities that were cumbersome to learn 
and had slowed even the most elemental functions to a 
painful crawl. The minor fiasco raised the obvious 
question: if it wasn’t broke, why had they tried so hard 
to fix it? 

Mostly because it’s terrifically profitable. The goal 
of the information industry is to convince consumers 
that, whatever they have, it isn’t enough. That strategy 
reaps billions of dollars every year for programmers, 
manufacturers, marketers, and public relations profes¬ 
sionals. If Windows 95 felt like old news in 1996, 
that’s because Microsoft planned it that way. Since 
Microsoft makes most of its profits on upgrades, the 
real product it is selling isn’t hardware or software 
but information anxiety. 

It works. At the beginning of this decade, IBM 
found that people were replacing their computers 
every five years. By 1995, users were considering their 
machines obsolete in just two years. What they only 
yesterday regarded as critical machinery they now saw 
as useless plastic. Overall, by the year 2005, the nation 
will have tossed some 150 million computers onto the 
scrap heap. 

Upgrade mania does not come cheap. While per¬ 
sonal computers are relatively inexpensive compared 
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nformation overload not 


only crowds out quiet moments 
and obstructs contemplation; 


it also leaves us more vulner¬ 


able as consumers and less 


cohesive as a society. 
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with their bulky predecessors, the 
pace of improvements is such that 
the personal computer habit ends 
up costing individuals and busi¬ 
nesses a significant chunk of 
change. “Did you ever notice 
how, for anything else, three 
hundred dollars is a lot of 
money? ” a friend remarks as we C 

drool over CD-ROM drives in 
a computer store. “But in the 
computer universe, we don’t think 
twice about spending it.” 

Upgrade mania also exacts a social 
cost that cannot be measured in dollars. 
“We see a training gap,” says Ora¬ 
cle’s Bill Seawick. “Technology is 
coming at such a fantastic pace that 
people have to learn new technolo¬ 
gies every three or four months.” 

What’s more, points out economist 
Juliet Schor, new technology “leads 
to the expansion of tasks that peo¬ 
ple are expected to do. We are sup¬ 
posed to improve our performance 
and output year after year after 
year.” 

When Americans tell pollsters 
and therapists that they feel they are 
losing control over the basic struc¬ 
tures of their lives, it’s partly 
because they are. The ferocious 
upgrading of the machinery all 
around us undermines our sense of 
security and continuity. 
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which limitless data 
make possible a 
widening pool of 
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The Normalization of Hype 




and arguments on 
every side of every 




n National Public Radio’s 
“All Things Considered” one 
evening, reporter Chitra 
Ragavan is trying to make 
sense of the latest cancer study, 
which doesn’t mesh with previous 
analysis. “If you don’t have some 
level of confusion about how to 
interpret this study,” the National 
Cancer Institute’s Philip Taylor tells 
Ragavan, “you should.” 

In an era in which limitless data 
make possible a widening pool of 
elaborate studies and arguments on 
every side of every question, political as well as scien¬ 
tific, more expert knowledge has, paradoxically, led 
to less clarity. Is dioxin as dangerous as we once 


question , more 
expert knowledge 
has ■ paradoxically, 
led to less clarity. 


thought? Do vitamins prevent cancer? 
Would jobs have been gained or 
lost under Bill Clinton’s compre¬ 
hensive health care plan? 

Because there is always an 
opportunity to crunch some 
more numbers, spin them a bit, 
and prove the opposite, the win¬ 
ner has become argumentation 
itself. Factionalism gets a big 
boost while dialogue and consen¬ 
sus—the marrow of democracy— 
run thinner and thinner every year. 
Nowhere are the stat wars more 
heated than in Washington, D.C, where 
supplying grist for endless policy 
debates has become a significant 
industry. With purposefully vague 
and formidable names like Institute 
for Responsive Government and 
the National Center for Policy 
Analysis, hundreds of so-called 
“think tanks” have popped up to 
become masters of contention. 
Shaping the mood of Washington 
begins with press play, and every 
think tank has a point person to 
coordinate the flow of information. 
“I probably have four to five thou¬ 
sand journalists on my system,” 
estimates Vincent Sollitto of the 
American Enterprise Institute. 
“That’s just about every journalist 
in the world. They are cross-refer¬ 
enced in a tier form—national 
media, regional media, trade press, 
foreign press, and then cross-refer¬ 
enced by interest code—people 
interested in the environment, in 
economics, in other topics.” 

Public relations agencies profit 
handsomely from fanning debates, 
and television shows like “Cross¬ 
fire” are specifically designed to 
exploit the entertainment value of 
the stat-war phenomenon. The 
charges fly back and forth across 
the table as furiously as a ping pong 
ball. But there is no referee and no 
official scoring; the show always 
ends before viewers have time to 
gauge the accuracy of the shots. 

The statistical anarchy freezes us in our cerebral 
tracks: we react to an overabundance of competing 
expert opinions by simply avoiding coming to conclu- 
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sions. As the amount of information and number of 
claims stretches toward infinity, we are on the verge 
of succumbing to paralysis by analysis. 

Inevitably, to attract people’s attention, communica¬ 
tors of all types resort to barrier-piercing countermea¬ 
sures, feeding a vicious spiral in which the data smog 
gets thicker and thicker and the efforts to cut through 
the smog ever more desperate. Advertising becomes 
noisier and more invasive and frequently skirts the 
bounds of taste. Films become ever more sexually 
explicit and violent. The basic character of our future 
information society has already formed: its colors are 
lighted in a blaze of neon; its audio track is full of 
expletives, insults, and explosions; and its cultural 
trademark is the ever-more-outrageous public rela¬ 
tions stunt, such as the offer by a San Francisco radio 
station of a case of Snapple to the family of the one- 
thousandth person to commit suicide by jumping from 
the Golden Gate Bridge. 

Our society is experiencing what communications 
scholar Kathleen Hall Jamieson calls “the normaliza¬ 
tion of hyperbole.” The degree to which today’s tele¬ 
vision programmers, movie producers, performers, 
spokespersons, and publishers apparently feel com¬ 
pelled to turn up the heat is a serious threat to moder¬ 
ation and intelligence. It reduces our attention span. 
It makes us numb to anything that doesn’t lurch out 
and grab us by the throat. 

This effect is one of the main reasons political cam¬ 
paigns have become so acrimonious. The growing 
mean-spiritedness merely reflects a society where 
hyperbole, vulgarity, and ostentation thrive. In a 
Maryland senate race, William Brock III falsely sug¬ 
gested that Ruthann Aron, his opponent in the pri¬ 
mary, had been convicted of fraud. Aron sued. In his 
defense, Brock offered as justification: “Everybody 
knows there’s hyperbole in election campaigns.” 

Unfortunately, this approach may discourage some 
of our best minds from entering the public debate. If 
one has to be sensational and dramatic to gain atten¬ 
tion, what does that portend for the insightful minds 
whose ideas don’t lend themselves to MTV or flashy 
Web pages? If our attention naturally gravitates 
toward the Madonnas and Howard Sterns of the 
world, who is left behind in the dust? The normaliza¬ 
tion of hyperbole suppresses the individuals we most 
desperately need in our complex times—those who are 
willing to confront life’s ambiguities. 

Village of Badel 

W hen I visited James Quello, head of the Fed¬ 
eral Communications Commission, in his 
office to discuss surveys that showed a sur¬ 
prising lack of knowledge about political 


affairs among the American public, he commented, “If 
people would just tune in, they’d be better informed.” 
The problem, of course, is that people are tuning in but 
they’re acquiring specialized knowledge. 

“There is so much information,” laments pollster 
Andrew Kohut, “that people throw their hands up 
and say, ‘Well, I’m going to focus on this very narrow 
part of the world.’” 

A pluralistic democracy requires a certain amount 
of tolerance and consensus rooted in an ability to agree 
on common questions. Yet in an electronic world of 
endless communication choices, we increasingly speak 
different languages and share fewer metaphors, icons, 
historical interests, and news events. Bill Gates’s cele¬ 
brated “asynchrony” is but an eloquent way of say¬ 
ing that we are out of step with one another. 

This response is one reason for the troubling level 
of social polarization plaguing the United States. We 
face a paradoxical spiral in which the more infor¬ 
mation we come upon, the more we narrow our 
focus and retreat into different spheres of knowl¬ 
edge. We are, as writer Earl Shorris says, “A nation 
of lonely molecules.” 

The Internet promotes this trend. Although 11 bil¬ 
lion words on 22 million Web pages give us access to 
more information than ever before, Web surfers often 
explore their personal interests, and are often 
rewarded with highly specific information and com¬ 
municate only with people who share those interests. 

Software enabling us to create “smart agents” that 
automatically filter out information we don’t think 
we need will further exacerbate this trend: stumbling 
onto new and interesting subject matter becomes 
much less likely in a customized information environ¬ 
ment. Nicholas Negroponte of the MIT Media Lab 
insists that smart agents can and should include an 
adjustable “serendipity dial.” But one can not auto¬ 
mate spontaneity. 

The Internet does allow previously disenfranchised 
groups to communicate cheaply without geographic 
limitation. Gays and lesbians, for example, inherently 
dispersed throughout society, have benefited tremen¬ 
dously from online forums that offer the opportunity to 
share their thoughts about what it means to be gay, 
practical considerations about living a healthy, happy 
life, and techniques for forcing politicians to take them 
seriously as a group with important interests. But there 
is a great danger of mistaking cultural tribalism among 
people with obviously common interests for real, 
shared understanding among more diverse groups. 

Journalists can provide the vital social glue that 
makes us a common unit, and also help us analyze 
competing statistical claims. Unfortunately, many jour¬ 
nalists reflexively balk at the prospect of stories that 
smell of “old news,” reporting instead the latest opin- 
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ion poll, the shocking personal indiscretion, this morn¬ 
ing’s testimony. 

The news-flash mindset arose among a group of 
producers at a weekly editorial meeting I attended 
years ago for National Public Radio’s “Talk of the 
Nation.” One of us had suggested an educational 
show on AIDS prevention, in light of polls that 
showed much ignorance on the subject. But both the 
senior producer and the host quashed the idea, insist¬ 
ing that the information had already been reported 
and that it was “not our job to educate people.” 

But by limiting their purview to news flashes, jour¬ 
nalists are absolving themselves of having to consider 
a variant of the tree-falls-in-the-woods dilemma: what 
happens when information is reported but everyone 
is too distracted to notice? Many journalists haven’t 
yet come to terms with the implications of our soci¬ 
ety’s fundamental shift from scarcity to glut, which is 
why Yahoo, Alta Vista, and other World Wide Web 
search engines are on their way to becoming our 
primary information sources. Journalists need 
to approach information as 
a natural resource 
that has to be 
managed and 
analyzed more 
than simply 
acquired. 

A Return to 
Meaning 

n the late 1960s and 
early 1970s, Americans 
began to realize that they had 
to take action to limit the physical 
smog and other pollution accruing all 
around them. Meanwhile, people also became 
aware of the severe consequences of consuming 
too many calories and too much fat, and the need to 
limit their intake. Now a similar challenge befalls citi¬ 
zens of the information age. For our individual well¬ 
being as well as the health of our democratic society, 
we must act now to responsibly limit our exposure to 
information. The goal should be to maintain and even 
increase access to reliable and useful communication 
without compromising a certain social serenity. For¬ 
tunately, a number of promising remedies for data 
smog are available if we stop for a moment to look 
around us. 

Be your own smart agent. You are responsible for 
managing your own signal-to-noise ratio, for choosing 
the information that is accurate, relevant, economi¬ 
cal, articulate, and evocative while eliminating any¬ 
thing that blocks out meaning. As your own smart 


agent, you are also your own data dietitian. Take some 
time to examine your daily intake and consider 
whether your info diet needs some fine-tuning—per¬ 
haps some data naps in the afternoon, during which 
you receive no electronic information. Many victims 
of glut have also found periodic data fasts rejuvenat¬ 
ing. One sure way to gauge the value of something, 
after all, is to go without it for a while. 

For example, turn the television off. There is no 
quicker way to regain control of the pace of your life, 
the peace of your home, and the content of your think¬ 
ing. Millions of Ameri¬ 
cans who have lim¬ 
ited their TV 
viewing have 
discovered 
hours 



of free time 

with which they can begin to do some of the things 
they’ve never found time for. My own approach has 
been to move the offending item from the kitchen/liv¬ 
ing room into the closet. There it stays except for a few 
select hours per week, when I lug it out, plug it in and 
turn it on. After a brief viewing, it goes straight back to 
the closet. Since the television has been consigned to 
the closet, my wife and I play more music, we read 
more, we talk more. 

A suggested trade-off: cancel your cable TV service 
and apply that same $20 per month to one or more 
good books. Books are the opposite of television: they 
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are slow, engaging, inspiring, intellect-arousing, and 
creativity-spurring. 

Another strategy is to avoid news nuggets. All-news 
channels, wire services, and top-of-the-hour headlines 
may be the only common fabric we have left, but that 
isn’t reason enough to sacrifice your attention span. 
Spend those five minutes each hour doing something 
more productive, like conducting one meaningful 
conversation. 

And recall the playful warning of Michael Der- 
touzos, head of MIT’s Laboratory for Computer Sci¬ 
ence, in this magazine (see “Seven Thinkers in Search 
of an Information Highway,’’ August/September 
1994): “E-mail is an open duct into your central ner¬ 
vous system. It occupies the brain and reduces pro¬ 
ductivity.” Ask people not to indiscriminately forward 
trivia. “Unsubscribe” to the Internet newsgroups that 
you’re no longer really interested in. Tell advertisers 
who “spam”—send you unsolicited e-mail messages— 
that you have no interest in their product and ask them 
to remove you from their customer list. 

Resist advertising and upgrade mania. Remember 
that upgrades are designed primarily as sales tools, not 
necessarily to give customers what they’ve been clam¬ 
oring for. 

Say no to dataveillance. By writing just a few let¬ 
ters putting your name on do-not-disturb lists, you can 
greatly reduce the amount of junk mail and unsolicited 
phone calls that come your way. 

<•" Leave the pager and cell phone behind. Are wire¬ 
less communicators instruments of liberation, freeing 
people to be more mobile with their lives, or more like 
electronic leashes, keeping people more plugged-in to 
their work and info-glutted lives than is necessary and 
healthy? It is thrilling to be in touch with the world at 
all times, but it’s also draining and interfering. For 
sanity’s sake, people ought to be allowed to roam free 
from the information superhighway for at least some 
portion of each week. 

w Give a hoot, don’t info-pollute. The info glut 


demands a new kind of social responsibility: an obli¬ 
gation to be more economical about what we say, 
write, publish, broadcast, and post. Everything from 
voice-mail messages to office memos to speeches to 
Web pages should be crisp, clear, and to the point. By 
reducing the amount of needless information, we will 
also reduce vulgarity, as people feel less need to be 
sensational to attract attention. Our tone will become 
more civil. Our social signal-to-noise ratio will begin to 
improve. We who have learned not to drink or eat or 
work to excess will now simply add another virtue to 
the list. 

The payoff for such restraint is high. As we severely 
limit content, we learn to savor it more. I experienced 
this paradox firsthand when I asked my brother Jon to 
film my wedding. He owns a sophisticated Hi-8 cam¬ 
corder, but he used an old Super 8 instead. In five 
hours he got through four rolls—12 minutes—of film. 
Weeks went by while we waited for them to come 
back from the developer. Finally, we sat down to 
watch our measly footage. The show was over in a 
flash, but we were thrilled. The three-minute films are 
cherished glimpses into our wedding and reception, 
in marked contrast to an uninterrupted three-hour 
video that dulls our senses and renders useless our 
memories. A medium that captures almost everything 
conveys almost nothing. 

«•“ De-nichify. How to change our electronic Tower 
of Babel into a modern Agora? The answer is easy, 
though the solution is not. We need to talk to one 
another. 

By reaching out to different cultures and niches, 
Brian Lehrer, radio host of WNYC’s “On The Line” in 
New York City, underscores the simple notion that 
communities work better if people discuss their dif¬ 
ferences. One highlight is his annual multicultural out¬ 
reach on Martin Luther King Day, during which he 
invites listeners to call in and read one-minute excerpts 
from works about an ethnic group different from their 
own. On other days Lehrer might conduct informed 
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1 o prohibit firms from 
deluging us with solicitations 
based on unauthorized use of 
personal information, we need 
a long-sought upgrade of the 
Federal Privacy Act. 


conversations on Bosnia, teachers’ unions, and date 
rape. We can’t all have our own radio program, but we 
can tune in to such shows and read general-interest 
periodicals; we can make a point to reach across niche 
boundaries; we can avoid specialized jargon. As we 
breach cultural divides and pursue interdisciplinary 
studies, we are engaging in the best kind of education, 
not simply becoming more efficient at a specialized 
task but learning how to interface with the rest of 
humanity. 

Insist that government help defend citizens 
against data surveillance and data spam. Taking 
advantange of the good that technology has to offer 
without choking on the bad will take strong collec¬ 
tive effort. Unfortunately, the cyber-libertarian com¬ 
munity has made anti-government rhetoric a fashion¬ 
able part of the information revolution, mostly in 
response to thoughtless federal legislation. After Pres¬ 
ident Clinton signed the Communications Decency 
Act in 1996, which aimed excessively to curb speech 
online, leading cyber thinker John Perry Barlow issued 
a “Declaration of the Independence of Cyberspace” 
that rashly proclaimed the Net to be its own world. 
But the Net is not a new world vested with its own 
sovereignty; it is a novel and exciting facet of society. 
Ultimately, the former must fall under the jurisdic¬ 
tion of the latter. 

For example, the Telephone Consumer Protection 
Act of 1991 made it illegal to use an autodialing 
phone machine or to make calls with a prerecorded 
voice. This law should be amended to bar software 
that automatically plucks e-mail addresses and indis¬ 
criminately includes them in marketing solicitations. 


This new legislation should also establish a “do-not- 
disturb” registry of names, phone numbers, addresses, 
and e-mail addresses that all mass marketers would be 
legally obliged to cross-reference. 

Indeed, the ability to gather and analyze informa¬ 
tion conveniently and cheaply means that personal 
privacy has replaced censorship as our primary civil 
liberties concern. What once might have been consid¬ 
ered harmless personal trivia— which videos you 
rented this week, whether you like starch in your laun¬ 
dered shirts, whether you buy name-brand or generic 
aspirin—can today all be turned into useful intelli¬ 
gence by powerful cross-referencing databases. A 
company called DejaNews Partners, for example, is 
copying and cataloging, for marketing purposes, every 
single message posted to each of the thousands of sub¬ 
ject-specific Usenet newsgroups. 

To prohibit government agencies and companies 
from using information for unauthorized purposes, 
we need a long-sought upgrade of the Federal Privacy 
Act of 1974, which set severe restrictions on the infor¬ 
mation government could collect on citizens but ex¬ 
empted businesses. Whether you are subscribing to a 
magazine, buying a modem, signing a petition, renew¬ 
ing your driver’s license, taking a random drug test, 
enrolling your child in school, or paying your taxes, 
you should be assured that the personal data you turn 
over will go no further unless you specifically grant 
permission. This time, the law should exempt no one. 

The Federal Trade Commission can also be an 
important player in limiting data smog. The FTC’s 
current policy is that consumers must match their wits 
against the claims and resources of advertisers. When 
it comes to “half truths and motivational manipula¬ 
tions,” writes Advertising Age columnist Stanley E. 
Cohen, “the remedy is caveat emptor.” This hardly 
seems a fair fight. We need a rejuvinated FTC that 
criticizes questionable marketing practices and 
imposes fines. 

To ensure that citizens not only have online access 
to government documents and officials but under¬ 
stand the workings of government, a new Govern¬ 
ment Information Act must ensure that legislation, 
regulations, and court rulings as well as tax infor¬ 
mation is published in formats that any literate per¬ 
son can understand. 

Finally, we need to reformulate the issue of infor¬ 
mation have-nots. The disenfranchised citizens of 
our country are not in need of faster access to bot¬ 
tomless wells of information but rather better edu¬ 
cation—high-quality teachers, classroom materials, 
and buildings. The best way to prevent data smog 
from settling in is to shift attention and resources 
toward basic educational infrastructure for all 
Americans. 


26 MAY/JUNE 1997 


In 1996, LG invested over US$9 billion to grow its business. 




It’s nice to meet you. 


A miracle is happening in Prahova Province, Romania. 

Villagers who once waited years for telephone service are now connected hy digital switches and fiber-optic cable to 
anywhere in the world, part of a US$75 million project between LG Information & Communications and RomTelecom. 

Ve re active in many other businesses too, libe m ult imedia processors, industrial and information systems, securities 
underwriting, and genetic engineering. 

But nothing gives our 126,000 employees more pleasure than knowing that we help people become connected to a 
larger world of opportunity. 

Now, how can we help you? 
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MISSILE 

DEFENSE: 

The Sequel 


Today 


ince the beginning of warfare, humans have 
sought defenses against offensive weapons. Not 
surprisingly, then, the deployment of nuclear¬ 
armed missiles by the United States and the Soviet 
Union early in the Cold War prompted each to begin build¬ 
ing missile defenses to protect themselves against these 

extremely destructive weapons. 
i’s programs What is perhaps surprising is that 

„ . . both countries soon recognized that 

fending against 

this undertaking would be destabi- 

? attacks are 

lizing and pointless and agreed in 
nbitious than the 1972 Anti-Ballistic Missile 

}agan-era Star (ABM) Treaty not to defend their 

efforts. But the countries against each other’s bal- 

jstems are still hstic missiles. The two superpow- 

, . ers both based their nuclear poli- 

silg foiled, and 

cies on the notion of deterrence— 

deployment 

that maintaining the ability to 
slow arms cuts. i aunc h a nuclear counterattack that 

would inflict massive destruction 
on the other side was necessary to ensure that the other 
country would not attack first. Missile defense could 


for defending against 
missile attacks are 


less ambitious than 


the Reagan-era Star 
Wars efforts. But the 
new systems are still 
too easily foiled, and 
their deployment 
would slow arms cuts. 


BY LISBETH GRONLUND AND DAVID WRIGHT 
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weaken or even negate the retaliatory capability of the other 
side, since a retaliatory attack would be small and uncoor¬ 
dinated. Thus, it was believed, their deployment would pro¬ 
voke the other country to take measures to preserve its deter¬ 
rent. One straightforward but dangerous response to a 
defensive system would be to build up the size of the offen¬ 
sive arsenal. Another would be to adopt a policy of “launch 
on warning,” which would permit missiles to be launched 
rapidly when sensors detected an incoming attack. This pol¬ 
icy would prevent a country from being disarmed by a first 
strike but would increase the risk of accidental launch since 
the decision to launch would need to be made quickly. 

Both responses would lead to a more dangerous world, 
while making the quest for effective defenses futile. It was 
to avoid this destabilizing dynamic that the United States 
and the Soviet Union signed the ABM Treaty. 

In the mid-1980s, President Reagan, rejecting the logic of 
the ABM Treaty, launched the Strategic Defense 
Initiative. Under this program, often referred to as 
“Star Wars,” the Pentagon focused on advanced 
technologies such as space-based lasers to develop 
a multi-layered defense of the United States 
against a large-scale Soviet attack. The nation 
spent tens of billions of dollars on R&D. The pro¬ 
gram eventually lost political support, however, 
because opponents successfully argued that any 
advances in technology were irrelevant—that 
Soviet responses would still prevent defenses from 
being effective—and that building them would 
diminish, rather than enhance, U.S. security. The 
logic of the ABM Treaty ultimately prevailed. 

But the United States is again moving toward 
deploying defenses against attacks by ballistic mis¬ 
siles. Iraq’s use of conventionally armed Scud mis¬ 
siles against Israel and Saudi Arabia in the 1991 Gulf War 
raised concern about the proliferation of ballistic missiles, 
and U.S. efforts shifted away from a system that would 
shield the entire country from large-scale Soviet attack 
toward “theater” defenses, designed to protect U.S. troops 
and allies abroad from shorter-range missiles. But after tak¬ 
ing control of Congress in the 1994 election, Republicans 
put deployment of “national” defenses—this time intended 
to counter limited missile attacks against U.S. territory— 
back on the agenda as well. 

Proponents of the new missile defense systems argue that 
the risks to national security of building defenses are lower 
than in the past, and the benefits higher. Most fundamen¬ 
tally, some argue, the United States and Russia are no longer 
enemies; Moscow would not be threatened by U.S. missile 
defenses and thus would not respond in ways that would 
hurt U.S. security. Other proponents argue that even if U.S. 
missile defenses did worry Russia, that economically strapped 
country could not afford an arms buildup in response. 


Lisbeth Gronlund and David Wright are senior staff scientists at the 
Union of Concerned Scientists in Cambridge, Mass., and research fellows 
in MIT’s Defense and Arms Control Studies Program. 


Still other proponents note that today’s missile threats 
are different: their concern is no longer a deliberate large- 
scale Soviet nuclear attack but rather an accidental or unau¬ 
thorized launch of missiles by Russia, an attack by China, or 
possibly threats from Third World countries that acquire 
long-range missiles. Guarding against these attacks, they 
argue, would require only limited national defenses that 
would not threaten Russia’s much larger nuclear deterrent. 
Moreover, this argument continues, U.S. deployment of the¬ 
ater defenses should not concern Russia since these systems 
would not be intended for use against Russian missiles. 

Missile-defense 
advocates argue 
that the benefits of 
deployment are 
higher than during 
the Cold War be¬ 
cause there is a real 
and increasing mis¬ 
sile threat that it is 
possible to defend 
against. They argue 
that missile-defense 
systems are far 
more likely to work 
against the shorter- 
range missiles, and 
against attacks 
from a small num¬ 
ber of long-range 
missiles, than 
against a massive 
assault by sophisti¬ 
cated, long-range 
missiles—the threat 
that motivated pre- 
vious missile-de¬ 
fense programs. 

Both political 
parties have, to 
varying degrees, 
bought into the 
idea that missile 
defense of some 
kind is a practical 
and wise idea; the 
United States has for the past few years been spending 
roughly $3 billion a year to study and develop such sys¬ 
tems. While this total is down from the peak of some $4.5 
billion a year at the height of the Strategic Defense Initiative 
in the late 1980s, it is far from clear that even this level of 
effort makes much sense. Thus far, this money has bought 
only research, development, and testing; building, deploy¬ 
ing, and maintaining the systems would require much larger 
budgets. 

Despite the breakup of the Soviet Union, things have not 
changed quite so much as missile-defense advocates sug- 
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gest. Proponents overstate the missile threat and the ability 
of defenses to address what threat exists. Perhaps most 
importantly, they largely ignore the potential security costs 
of deploying many of the defenses being developed. 

Political Battles 

The Clinton administration and congressional Republicans 
have clashed over the timing of deploying a national mis¬ 
sile defense system. Last spring, the Defend America Act, 
introduced in both houses of Congress, mandated deploy¬ 
ment by 2003 of a “highly effective” and “affordable” sys¬ 
tem that would protect all 50 states from “limited, unau¬ 
thorized, or accidental” attacks. But when the Congres¬ 
sional Budget Office estimated that such a system would 
cost $31-60 billion to build and an additional $2M billion 
annually to maintain, the House Republicans dropped their 
legislation out of concern that their party’s budget hawks 
would not vote for it. 

The Republicans have written the National Missile 
Defense Act of 1997 with an eye toward getting a more 
favorable cost estimate: they have eliminated the require¬ 
ment that the system be “highly effective,” and specify now 
only that the system be able to deal with very small-scale 
attacks. Although the requirements remain classified, the 
system reportedly must now defend against attacks of no 
more than five to twenty “simple” warheads—that is, war¬ 
heads that do not incorporate any countermeasures that 
would help them evade detection and interception. 

This experience points to the difficult task that national 
missile defense advocates face in defining a system that is 
both politically attractive (it must be seen as necessary 
and effective) and politically feasible (it must be afford¬ 
able). The specifics of these defense systems have been left 
vague precisely because it is difficult to satisfy both 
requirements simultaneously. Right now no potentially 
hostile country other than Russia or China has long-range 
missiles that can hit the United States. Therefore, it has 
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sive system than one designed to 
swat down a few errant missiles. 

The Clinton administration holds that 
there is no immediate threat and that deploy¬ 
ing a system before it is needed only guarantees 
that the technology will be outdated by the time a 
threat develops. Instead, under its “3 + 3” plan, the 
administration intends to develop within three years (by 
2000) a system that could be deployed in an additional 
three years (by 2003) if a threat emerges. If in 2000 no such 
threat is deemed to exist, development will continue. That 
way, an up-to-date system will always be three years from 
deployment. President Clinton thus far has prevailed: he 
vetoed the fiscal 1996 defense authorization bill in large part 
because the bill’s insistence on missile defense would, he 
said, put the United States “on a collision course with the 
ABM Treaty.” Since this year’s missile-defense legislation 
still mandates deployment by 2003, President Clinton is 
expected to veto it if it is passed. 

Although Clinton has won each battle over deployment 
of national missile defenses, the Republicans may be win¬ 
ning the war. They have clearly set the terms of the debate, 
and in trying to undercut their plan for mandated deploy¬ 
ment, Clinton’s 3+3 plan will move the United States much 
closer to deployment of national missile defenses than it 
has ever been. 

By remaining vague on the details of its 3+3 plan, the 
administration has been able to avoid the question of com¬ 
pliance with the ABM Treaty. Although Clinton cited the 
treaty as justification for his veto of the fiscal 1996 autho¬ 
rization bill, deployment of the 3 + 3 system would almost 
certainly violate the treaty as well. The bottom line is that 
the ABM Treaty forbids nationwide defenses, and building 
a system that covers only part of the United States would 
be politically unacceptable. Any defense system that com¬ 
plies with the ABM treaty would leave unprotected large 
parts of both coasts, as well as Alaska and Hawaii. 

Providing coverage of the entire United States against 


*■ defense system that complies with the ABM Treaty would have to leave 
? of both U.S. coasts, as well as Alaska and Hawaii, unprotected. 


been politically useful to require the system to defend 
against unauthorized and accidental attacks by Russia or 
China—these, at least, are threats that exist today. Con¬ 
trary to common perception, however, “unauthorized” 
and “accidental” do not necessarily mean “small.” 
Depending on where in the chain of command the con¬ 
trol breaks down, such an attack could be quite large. 
Some argue that the most feasible unauthorized attack 
would come from a Russian submarine, which carries 
some 200 nuclear warheads. Yet, defending against an 
attack of this size requires a much larger and more expen- 


even limited attacks would require either that the United 
States and Russia agree to modify the ABM Treaty or that 
the United States withdraw from it. The first prospect is 
unlikely, and the second unjustified. Russia has no incen¬ 
tive to agree to a treaty modification to accommodate U.S. 
national defenses. Even a limited defensive system would 
put into place the sensors and other infrastructure needed to 
allow a relatively rapid expansion to a larger-scale system. 
And withdrawing from the treaty is permitted only if 
“extraordinary events” jeopardize U.S. “supreme inter¬ 
ests”—a position that is difficult to argue. 
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Opening the Curtains on 
Theater Defense 


Roughly two-thirds of the U.S. mis¬ 
sile-defense budget is earmarked for the¬ 
ater rather than national missile defenses. 
The ABM Treaty allows theater defenses as 
long as these systems cannot also intercept long- 
range strategic missiles. The United States is now 

developing several kinds of theater systems, some that 
have run into compliance problems with the treaty. 

Low-altitude defenses are designed to shoot down short- 
range missiles—those with ranges up to 600-1000 kilome¬ 
ters, which travel at 2-3 kilometers per second—well within 
the atmosphere. Such defenses gained fame during the Gulf 
War when the United States claimed its Patriot system suc¬ 
cessfully shot down Iraqi Scud missiles—a claim now gen¬ 
erally discredited. 

Development is continuing on a significantly upgraded 
version of the Patriot. Other low-altitude defense systems 
include Navy Area defense, which will be based at sea on 
Aegis cruisers and destroyers; the Medium Extended Air 
Defense System, being developed jointly with European 
allies; and the Arrow program, which Israel is developing 
with U.S. funding. 

These defenses are clearly permitted by the ABM Treaty: 
they would be unable to intercept 10,000-km range Rus¬ 
sian strategic missiles, which reenter at much higher speeds 
of 7 kilometers per second. Moreover, it would be infeasi¬ 
ble to use these systems for national defense because hun¬ 
dreds would be required to cover the entire United States. 

The Pentagon is developing other theater defense systems, 
however, whose treaty compliance is in serious question. 
These high-altitude systems are designed to defend large areas 
against missiles with ranges up to 3,500 kilometers and that 
move at up to 5 kilometers per second, by intercepting them 
above or in the upper layers of the atmosphere. The United 
States is developing two such high-altitude systems—the 
Army’s ground-based and air-transportable system known as 
THAAD, for Theater High Altitude Area Defense, and the 
Navy Theater Wide system, to be deployed at sea on Aegis 
ships. The Pentagon plans to buy some 1,200 THAAD inter¬ 
ceptors at an estimated cost of $10-15 billion. A prototype 
system would be deployed around the turn of the century, 
with full-scale deployment beginning in 2004. A few years 
later, the Navy Theater Wide system would be deployed, 
with 650 interceptors on 20 or more ships. 

Neither system has done well in tests, however; so these 
schedules may be optimistic. As of March, THAAD had 
failed all four of its intercept tests, leading Pentagon officials 
to suggest a major restructuring of the program. Navy The¬ 
ater Wide is not as far along in its test series, but as of early 
this year the system had failed both of its intercept tests. 

Some proponents incorrectly argue that the two high- 
altitude theater defenses could not be used as part of a 
national defense. Although not designed to protect U.S. ter¬ 
ritory, these high-altitude defenses are designed to be mobile 


and could readily be moved to the United States in a time 
of crisis. Because these systems intercept outside or high in 
the atmosphere, where the missile will not be maneuvering, 
the defense system can accurately predict the trajectory the 
missile will follow. Thus if these defenses perform as 
intended against missiles with speeds of 5 kilometers per sec¬ 
ond, then they would also be capable of intercepting strate¬ 
gic-range missiles traveling at 7 kilometers per second. 

Moreover, if advanced sensors now under development 
are used, the ground area covered by these systems could 
be large enough to permit a nationwide defense. These sen¬ 
sors would provide early detection of missile attack, allow¬ 
ing interceptors to be launched sooner. The U.S. early-warn¬ 
ing radars, to be upgraded as part of the national missile 
defense program, could allow 6 or 7 Navy Theater Wide 
batteries to cover the entire United States; indeed, this is the 
basis for a limited national defense proposed by the Heritage 
Foundation and others. Even better sensor data would be 
available if the United States deploys the Space and Missile 
Tracking System currently being developed for use by both 
national and theater defenses. This program, formerly 
known as “Brilliant Eyes,” would use about two dozen 
satellites in low earth orbit. The Clinton administration 
wants deployment by 2006, but Congress is pushing for 
2003. If such a network of space-based sensors were 
deployed, as few as ten THAAD or three to four Navy The¬ 
ater Wide batteries could cover the United States, provid¬ 
ing, in effect, a national defense—precisely what the ABM 
Treaty bans. 

Indeed, early in THAAD’s development, a Pentagon study 
concluded that the system would violate the Treaty. The Clin¬ 
ton administration therefore began negotiating with Russia in 
November 1993 to modify the treaty to permit testing and 
deployment of both THAAD and Navy Theater Wide. Rus¬ 
sia balked at the proposed changes, however, and the negotia¬ 
tions were deadlocked until very recently. In response to this 
lack of progress, the United States stated that it nonetheless 
intended to proceed with both TELAAD and Navy Theater 
Wide, claiming that both would be treaty-compliant. During 
the March summit with President Clinton, President Yeltsin 
apparently dropped essentially all of Russia’s negotiating posi¬ 
tions, including restrictions on space-based sen¬ 
sors. This agreement, if it stands, would thus 
permit deployment of defenses with significant 
strategic capabilities, weakening the treaty. 

Assessing the Benefits of Defense 

Making rational decisions on U.S. missile- 
defense policy requires weighing the poten¬ 
tial security benefits and costs for both 
national and theater missile defenses. The 
benefits will depend on both the need for such 
systems and their likely effectiveness. 

Proponents are seeking national missile 
defenses to protect U.S. territory against three 
possible threats: accidental or unauthorized 



32 MAY/JUNE 1997 


launches of long-range Russian or Chinese missiles; delib¬ 
erate attacks from China; and potential future attacks from 
other, hostile countries. 

The possibility of an unauthorized or accidental launch of 
nuclear missiles is real. But missile defenses are not the best 
safeguard. In fact, deployment of national missile defenses 
could increase this threat, if it prompted Russia or China 
to rely more on launch-on-warning strategies or increase 
their alert rates. Other, coop¬ 
erative measures would be 
more effective and less 
expensive. The nuclear pow¬ 
ers could, for example, agree 
to install mechanisms to 
destroy errant missiles after 
launch, or to store warheads 
separately from missiles. 

This approach has an 
added benefit: depending on 
where in the chain of com¬ 
mand an accidental or unau¬ 
thorized launch occurs, such 
an attack could be so large as 
to overwhelm a limited 
defense. Destroy-after-launch 
mechanisms would be able 
to address any size launch, 
and removal of warheads 
from missiles would preclude 
such a launch in the first 
place. If the United States is 
interested in resolving this 
concern, then working with 
Russia and China would be 
the best approach since it is 
clearly in their interests to 
prevent such launches, too. 

The threat of a deliberate 

Chinese attack is very small, given the certainty of U.S. retal¬ 
iation. Moreover, to retain its deterrent against the United 
States, China would take steps to prevent U.S. national 
defenses from being effective against its missiles. 

The “rogue nation” threat has been exaggerated. Other 
than Russia and China, no country considered hostile to the 
United States has missiles capable of coming even close to 
U.S. territory. 

There are five countries with missiles that are typically 
considered threats to U.S. interests: Iran, Iraq, Libya, North 
Korea, and Syria. Iraq, however, is not a realistic threat: its 
missile program is being dismantled under the terms of the 
UN resolution that ended the Gulf War, and long-term mon¬ 
itoring is being set up to ensure that Iraq will not be able to 
resume this program. All missiles deployed by the other 
four countries are either 300-kilometer-range Scud missiles 
acquired from the Soviet Union or derivatives of these mis¬ 
siles with ranges up to about 600 kilometers—well short of 
the 5,000-10,000 kilometers any of these countries would 


need to strike the United States. 

Of the four remaining countries, North Korea has the 
greatest indigenous ability to develop longer-range missiles. 
However, despite reportedly working on a 1,000 kilome¬ 
ter-range missile—the “Nodong”—since the late 1980s, 
North Korea has yet to test a missile of this range. Foreign 
technical assistance could, of course, speed the develop¬ 
ment of longer-range systems in North Korea or elsewhere. 
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But even with help, 
developing long- 
range missiles is a 
demanding and 
expensive process. 

And U.S. satellites 
would be able to 
observe missile flight 

tests, providing clear warning of threatening developments. 

The other possible route for a developing country to 
obtain long-range missiles—acquiring them from one of 
the few countries that already has them—is highly unlikely. 
Long-range missiles are typically about 20 meters long and 
weigh many tens of tons, and are therefore essentially 
impossible to steal without the knowledge of the authorities. 
And it would be against Russia’s and China’s self interests to 
sell long-range missiles, because such sales would prompt 
severe economic sanctions under an international agreement 
prohibiting such transfers and because these missiles could 
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be turned against them. 
Moreover, even if a developing 
country did seek to attack the United 
States with weapons of mass destruc- 
. tion, long-range missiles are probably the 

least likely method it would choose. U.S. satel- 
lites would pinpoint the origin of any missile 
attack, so the threat of quick retaliation will be a 
' powerful deterrent. Meanwhile, other methods of deliv¬ 
ery, such as those used in the World Trade Center and Okla¬ 
homa City bombings and in the Tokyo subway gas attack, 
are relatively cheap, require only low technology, can be 
used clandestinely, and can be accurately targeted to make 
the most of a limited arsenal. 

Leaving aside the question of the future threat, how effec¬ 
tive might limited national missile defenses be if a threat 
did emerge? 

The assumption that underlies current plans for national 
defenses—that incoming missiles would use no counter¬ 
measures— is unjustified. Any country that could develop 
a long-range missile could also deploy a variety of simple 
countermeasures that would make the job of the defense 
much more difficult if not impossible. Any missile deliver¬ 
ing chemical or biological weapons can simply overwhelm 
the defense by using a large number of small warheads, 
called submunitions. A nuclear-armed missile can take 
advantage of the fact that interceptors for national missile 
defense systems are designed to work at high altitudes 
where, because of the thin atmosphere, objects of different 
shapes and mass travel at the same speed. This makes it 
possible to use lightweight decoys that simulate the warhead 
to create a large number of false targets or to hide the war¬ 
head in a large balloon so the interceptor would not know 
where to aim. Despite decades of work, the United States has 
not found a solution to the problem of such countermea¬ 


sures. 


Other ways to address the possible proliferation of long- 
range missiles are likely to be more effective and cheaper 
than missile defenses. Because U.S. satellites would provide 
warning of long-range missile development and deploy¬ 
ment, the United States could destroy such missiles preemp¬ 
tively. More important, the United States has options avail¬ 
able that could prevent a threat from materializing in the 
first place. Some diplomats believe, for example, that North 
Korea may be willing to bargain away its entire missile pro¬ 
gram in exchange for economic assistance, much as it did 
with its nuclear program. 

The analysis for theater missile defenses is different. The 
short-range missiles possessed by Iran, Libya, North Korea, 
and Syria do represent a possible threat to U.S. troops or 
allies abroad. These missiles are armed with conventional 
warheads and possibly, in some cases, chemical or biological 
weapons. However, the 1,000-kilometer range Nodong mis¬ 
sile reportedly under development by North Korea is essen¬ 
tially the longest range missile achievable using Scud tech¬ 
nology; any theater missiles the United States will face in at 
least the medium-term future will have shorter reach. High- 


altitude defenses are not needed against this threat; low- 
altitude theater missile defenses are appropriate for this pur¬ 
pose. 

Missile-defense proponents claim that short-range missiles 
will be relatively easy to defend against, but this may not be 
so. As with national defenses, the effectiveness of theater 
defenses will depend heavily on the countermeasures that 
the attacker uses. For example, the Patriot succeeded in all 
17 of its intercept tests prior to the Gulf War, yet appar¬ 
ently shot down at most one, and probably zero, Iraqi mis¬ 
siles. The Scuds broke into several pieces as they reentered 
the atmosphere, inadvertently creating decoys and causing 
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the warhead to tumble in unpredictable ways. 

Incorporating countermeasures into any new theater mis¬ 
siles produced would be easier than building the missile 
itself, and retrofitting old missiles with simple and effective 
countermeasures would not be difficult. Both low- and high- 
altitude theater defenses would be defeated by submuni¬ 
tions. High-altitude defenses would also be susceptible to the 
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same types of simple countermeasures as the national mis¬ 
sile defense systems, thus shrinking the area covered by the 
defense. As a result, high-altitude defenses would provide lit¬ 
tle, if any, defensive capabilities beyond those provided by 
low-altitude defenses. 

How Defenses Lower Security 

Even though the United States and Russia are scaling back 
their nuclear forces, the two countries still base their military 
relationship on nuclear deterrence. Both countries still rely 
primarily on nuclear-armed ballistic missiles to provide this 
deterrence. Moreover, there is no evidence that either coun¬ 
try plans to move away from nuclear deterrence, despite 
growing pressure from the world’s non-nuclear nations for 
a commitment to nuclear disarmament. Russia is equally 
wedded to nuclear deterrence and views nuclear weapons as 
key to its superpower status and as a counterweight to its 
deteriorating conventional military strength. 

This continued commitment to deterrence means that to 
whatever extent defenses threaten or appear to threaten 
deterrent forces, the same old problems will arise. Russia 
and China see as a fundamental security issue the need to 
preserve their ability to inflict a punishing nuclear retaliatory 
blow. It is therefore unlikely that these countries would sit 
idly by while the United States deployed a defense that they 
believed might render a retaliatory strike ineffective. 

Russia would probably endow its missiles with counter¬ 
measures to protect them against U.S. missile defenses. A 
reliance on countermeasures, however, will introduce new 
uncertainties in Russian military planning. Russian leaders 
may find it implausible that the United States would be 
spending tens of billions of dollars on defenses that would 
be so easy to defeat. Thus, even if scientists and engineers are 
confident that their countermeasures would work, it is not 
clear they would be able to prevent Russia’s military and 
political leaders from responding in other, destabilizing 
ways as well. 

While it can ill afford an arms buildup in response 

to U.S. missile de¬ 
fenses, Russia has 
other, less costly, 

1-range missile could also options that 
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its reliance on 
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launch-on- 

warning or increase its alert rate, raising the chance of acci¬ 
dental and unauthorized launches. Moreover, Russia could 
simply refuse to cut its nuclear arsenal further. When Rus¬ 
sia ratified the first Strategic Arms Reduction Treaty 
(START I), which cuts deployed forces to some 8,000 war¬ 
heads, it made its fulfillment of the agreement contingent on 
continued U.S. compliance with the ABM Treaty. The 


START II agreement, which would cut deployed forces to 
3,500 warheads, was ratified by the U.S. Senate but has 
run into deep political problems in the Duma (parliament) 
in part because of U.S. plans for missile defense. If Russia 
does ratify START II, the Duma will certainly link fulfill¬ 
ment of the treaty to preservation of the ABM Treaty. 

Even if Russia were not concerned about U.S. missile 
defenses at START II or III force levels, defenses would 
almost certainly be a significant barrier to much deeper cuts 
in Russian (and hence U.S.) nuclear forces. As arsenals 
shrink, deterrent forces will become more vulnerable to 
even limited defensive deployments. Thus, those who argue 
that a limited U.S. national missile defense would entail no 
security costs since it would not threaten Russia’s large arse¬ 
nal ignore the fact that U.S. security is best served by irre¬ 
versible cuts in nuclear weapons to very low numbers— 
tens or perhaps 100. (Of course, some policymakers want to 
retain a large U.S. nuclear arsenal indefinitely and are thus 
unconcerned that missile defenses could preclude deep cuts.) 

Even if Russia has finally agreed to a treaty modification 
permitting high-altitude defenses, deployment of such 
defenses could still stand in the way of deep cuts. That Rus¬ 
sia has serious concerns about the strategic capability of 
these defenses is clear from the past three years of negotia¬ 
tions, and these concerns have presumably not evaporated 
despite Yeltsin’s concessions. Indeed, Russian agreement 
may only signify that it is comfortable with such defenses 
at START III force levels, and that it does not intend to cut 
significantly further. 

The prospect of missile defenses might also cause Russia 
to keep open the option of expanding its arsenal in the 
future by refusing to agree on controls on the 
fissile material that nuclear weapons are made of. 

Russia might be reluctant to declare surplus 
much of its large existing stocks, for example. 

That would run counter to U.S. efforts to render 
its surplus fissile material difficult to re-use or 
steal, and its attempts to convince Russia to do 
the same. 

Considering China 

U.S. security interests also dictate that the United 
States consider Chinese reactions to its missile 
defense plans. Although not a party to the ABM 
Treaty, China bases its nuclear planning in part 
on the treaty and has historically been concerned 
about U.S. and Soviet missile defense programs. 

China is believed to have several hundred nuclear 
weapons but perhaps only about two dozen are able to 
reach the United States. Even a limited national missile 
defense system, therefore, could undermine or negate the 
Chinese deterrent. 

China has expressed concern about high-altitude theater 
defenses too. Sha Zukang, China’s ambassador to the Con¬ 
ference on Disarmament, noted in a statement to the U.N. 
General Assembly last October that such systems will “pos- 
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sess the capability to intercept strategic 
missiles” and that their development thus 
would dampen China’s “enthusiasm to 
participate in the global process of arms 
control and disarmament.” Moreover, U.S. 
deployment of high-altitude theater 
defenses would open the door for Russia to 
do the same. Such a move could threaten 
the bulk of China’s missile force, which 
have ranges of less than 3,500 kilometers 
and constitute the backbone of its deterrent 
against Russia. 

China also worries about possible trans¬ 
fers of U.S. theater defenses to neighbor¬ 
ing countries and U.S. deployment of sea- 
based systems in the region. The United 
States has tried to enlist Japan as a partner 
to help fund development of THAAD. 

China views Japan as a latent nuclear 
power, and given the historical enmity 
between the two countries, is uncomfort¬ 
able with the prospect of a potential com¬ 
bination of Japanese nuclear weapons and 
missile defenses. Japan has recently all but 
opted out of the THAAD project, however, 
partly because the cost is too high and 
partly to minimize tensions with China. 

China is also upset by U.S. plans to 
sell Patriot defenses to Taiwan in 
response to the intimidating missile 
tests China conducted off Taiwan’s 
coast prior to Taiwan’s elections last year. Because 
these are only low-altitude defenses, however, such a 
sale is unlikely to affect China’s nuclear or arms-con- 
trol policies. 

Given its concerns, China could react to U.S. missile 
defenses in a number of ways that could reduce U.S. security 
and hinder further efforts to control and eliminate the 
world’s nuclear arsenals. To preserve its nuclear deterrent, 
China, like Russia, could build up its nuclear 

★ forces or adopt a launch-on-warning posture. 

China could also decide to keep open the option 
of building up by refusing constraints on fissile 

★ material production. The United States is seek¬ 
ing an international treaty prohibiting further 

★ production of fissile material for nuclear 
weapons, partly as a way to place some controls 
on the nuclear-weapon programs of the unde- 

★ dared nuclear states—-India, Israel, and Pakistan. 

China’s agreement to this treaty is essential, both 
because of its own nuclear arsenal and because its 

★ participation will be needed to gain that of India 
and, in turn, Pakistan. 

★ If and when the United States and Russia con¬ 
tinue to cut their deployed nuclear weapons to 
roughly the numbers held by the smaller nuclear 



powers—China, Britain, and France—it 
will become necessary to include these 
countries in negotiating deeper cuts. But 
in response to U.S. defenses, China 
could hamstring this process by refusing 
to accept limits on its deployed arsenal. 

Finally, because both Russia and 
China are potential suppliers of nuclear 
and missile technologies to other coun¬ 
tries, their participation in international 
nonproliferation efforts is crucial. But 
the ill will that missile defense deploy¬ 
ments could cause may make both Rus¬ 
sia and China less willing to cooperate 
with the West on restricting transfers of 
sensitive technology to other countries, 
or to participate in other nonprolifera¬ 
tion initiatives. 

Thus the overall result of U.S. deploy¬ 
ment of national missile defenses and 
high-altitude theater defenses could well 
be that nuclear reductions and other 
irreversibility measures grind to a halt 
and that the United States and Russia 
become locked in at high levels of 
deployed weapons, while retaining 
their ability to rapidly build more. The 
other nuclear weapon states would 
then refuse to become involved in 
nuclear arms reductions. Creating such 
barriers to deep nuclear reductions and 
disarmament, which the nuclear weapon states are obli¬ 
gated to pursue under the Nuclear Non-Proliferation Treaty 
(NPT), would become increasingly unacceptable to the 180 
non-nuclear-weapon state members of the NPT. Over time, 
this discontent could weaken the international nonprolif¬ 
eration regime. 

These potential costs to U.S. security might be worth risk¬ 
ing if the missile threat were greater and defenses were a 
more effective means of countering this threat. But this is not 
the case. There is no missile threat from developing countries 
that justifies national missile defenses, and there may never 
be. There are more effective means of addressing the prob¬ 
lem of accidental and unauthorized launches from Russia 
and China. No long-range theater missiles justify deploy¬ 
ment of high-altitude theater defenses; low-altitude defenses 
will provide most if not all of the realizable benefits of 
defenses against existing and likely future theater missiles, 
and without the attendant security costs. 

The desire to defend the United States, its troops, and 
allies against all threats is understandable. But U.S. poli¬ 
cymakers must weigh both the costs and benefits of 
deploying missile defenses. U.S. security—and indeed 
international security—will best be served if the United 
States forgoes national missile defenses and high-altitude 
theater defenses. ■ 
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CLICKING ONTO 

1 \ / dby,ines 

IT couldn’t last. Ever since bursting into popular consciousness in the early 1990s, 
the World Wide Web kept growing chaotically. Universities had Web sites. Com¬ 
panies had Web sites. Individual families had Web sites. Any organization that didn’t 
have a Web page seemed to be labeling itself a relic. But after 
the initial flurry of clicking around, most visitors to the Web 
wanted something to sink their teeth into. After awhile, grainy 
pictures of half-full coffeepots in England just didn’t cut it 
anymore. Oh, sure, if you poked around enough you could 
find a brilliant essay or collection of digitized art or clever 
interactive game. But it was every surfer for him or herself. 

Although a breed of Net users reveled in this chaos and unpre¬ 
dictability, many people who logged on found the Internet 
about as fulfilling as wading through a warehouse full of 
pages ripped from student notebooks. 

It is amid this mess that Web magazines have risen to pop¬ 
ularity in the past year. A visit to Salon —a webzine of reviews 
and essays founded by expatriates from the San Francisco 
Examiner’s arts section—guarantees a few snappy essays on 
life, culture, and politics in the ’90s by name-brand writers. Enter the electronic 
portals of Microsoft-owned Slate and you can eavesdrop on a high-minded debate 
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among policy wonks about the political and economic issues 
du jour. Tap into HotWired for spicy and often abrasive 
commentary about the medium itself. 

In editorial direction, webzines buck the trend in print 
publications, where success has recently accrued mainly to 
specialty titles, especially those that give advice on how to 
live and what to buy. Advertising dollars flow into these 
publications, attracted by readerships presumed to be in a 
buying or self-improving frame of mind. Two of the wealth¬ 
iest people in America—Patrick McGovern and William 


are riddled with convenient electronic tunnels. The experi¬ 
ence is less like reading a magazine than strolling through a 
bookstore or library, where you will expect to look at a lot 
of titles but may come out having actually read little. 

A computer screen is not the best way to do extended 
reading. Thus it’s not surprising that webzines favor short 
pieces. Print magazine feature articles (like this one) typically 
run 4,000 words or more. In Slate, Salon, and other 
webzines, a typical article is 1,000-1,500 words. These 
pieces may whet the intellectual appetite or stir up ideologi- 


The strength of webzines as a new medium will depend on how 


well they take advantage of the interactive f@a- 
tures that are uniquely possible online. 


Ziff—made their for¬ 
tunes peddling com¬ 
puter magazines. The 
new breed of webzines, by contrast, 
appeals to readers less with buying 
advice than by projecting an attitude. They do this in the 
form not of practical articles of the sort that fill the bulging 
pages of computer and “lifestyle” magazines but with com- 
pendiums of commentary—essays, cultural critiques, politi¬ 
cal analysis. 

A magazine on the Internet can do much that its printed 
cousin cannot. Articles can include links that readers click on 
to find additional information. Previously published stories 
can be read as easily as this week’s issue. Webzines can 
enrich their stories with sounds and video. Web publications 
can create structured online forums where readers can 
debate among themselves—and with the magazine’s writ¬ 
ers and editors—the ideas presented in the magazine’s arti¬ 
cles. Material online can be updated as needed, incorporat¬ 
ing new information and correcting errors. 

Overall, the dozens of webzines differ from each other as 
drastically as the array of titles on a conventional news¬ 
stand, ranging from the sassy countercultural rant-rags such 
as Suck (which devotes much of its space to bashing other 
webzines) to the sober and establishmentarian Intellectual- 
Capital to the New York artsiness of Word. The quality can 
be quasi -New Yorker literary or just-past-amateur. Designs 
also vary greatly, from gray Slate to the self-conscious hip¬ 
ness of HotWired, with its gonzo icons and pages saturated 
in the neopsychedelic, Day-Glo colors that its print sister, 
Wired, inflicts on its readers. But a look at the top tier of 
webzines—including Slate, Salon, and HotWired —reveals 
most of what these publications are doing well, poorly, or 
not at all. 

Follow That Link 

A typical webzine invites the visitor not so much to study its 
text but to hop around within it, clicking on icons and high¬ 
lighted phrases to see where they lead. In this exercise, the act 
of reading is submerged beneath the drive to explore. Pages 
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cal fervor among those already in agreement with a writer. 
But because staffs are small and budgets low, and because 
the Web puts a premium on rapid production of new mate¬ 
rial, the stories generally lack the thorough reportage that 
makes for the most fulfilling reading experience—and that 
changes people’s minds. 

The strength of webzines as a new medium, then, depends 
on how well they take advantage of the interactive features 
that are uniquely possible online. Many webzines are still 
groping for how best to use the new technologies. Most of 
these publications amount to words on a screen—a verti¬ 
cal, glowing rendition of the magazines people have been 
reading for decades. Despite their multimedia cachet, 
webzines typically contain a smaller concentration of pho¬ 
tographs, illustrations, and charts than one would find in a 
printed publication. 

What webzines do provide are links to related informa¬ 
tion. The quality of these links varies widely. Slate takes 
particular care in its compilation of links. A recent article 
about how ballot initiatives in Arizona and California 
regarding the medical use of marijuana could affect the war 
on drugs, for example, links to the text of the referendums 
and to documents from organizations arguing pro and con. 
It is one-stop shopping for political information. 

A well-compiled set of links can make a webzine worth 
visiting. By January, the Oakland school board’s controver¬ 
sial decision to formally recognize black English as a distinct 
language—Ebonics—had been pretty well hashed over in 
the media. But accompanying Slate’s article on the topic 
were links to a detailed synopsis of the decision put out by 
the Oakland Unified School District. Here the reader could 
find out without the filtering of reporters and commentators 
exactly what course of action the school board was recom¬ 
mending—a particularly helpful service in this case, given 
widespread confusion about the school board’s intent. For 
historical context, the reader could hop to a 1972 article by 
University of Pennsylvania linguist William Labov that pro¬ 
vides scholarly underpinning to the Oakland decision. 
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Links can also give readers a handy “reality 
check” that pressures writers and editors to get their 
facts straight. Dan Kennedy, a media critic for the 
printed Boston Phoenix and for Salon, explains: “I 
like to think I’m a careful reporter when I’m writing 
for print, but in Salon I really have to get it right.” 

But many webzine links seem thrown in with little 
thought and even work against a story’s theme. A 
Salon essay convincingly decries the reduction of 
Martin Luther King, Jr., to a “safe” icon of both the 
right and the left. The writer worries that for many 
people, King has become just a reason for a holiday 
and an “I Have a Dream” sound bite. Oddly, how¬ 
ever, the article provides only two links—one 
to a photo of King making that speech, the 
other to the full text of the stirring 
address. The article thus 



perpetuates 
the narrow perspective 
that it critiques. 

The presence of links 
changes the character of 
reading. A highlighted word 
tempts the reader to click—where will it lead? The 
webzine page becomes a platform from which to 
dive into the roiling waters of the Internet. Each 
link is like a little exit door, and if the pastures are 
richer on the other side, online grazers will be lost. 
For this reason Slate and some other webzines 
gather up their links and put them at the end of arti¬ 
cles rather than permitting them to interrupt the 
flow of reading. 

Editors of any publication strive for quality con¬ 
trol. Links represent a kind of surrender on this 
front. Not only is the linked-to site beyond an edi¬ 
tor’s control, but so are the sites that it links to, and 
that each of those sites links to, and so on through¬ 
out the Net. With each hyperstep away from the 
webzine’s site, the possibility multiplies that a reader 
will encounter unchecked or unsavory pages (or 
pages that have disappeared). One Slate story about 
body piercing, for example, provided a link to a site 
that prominently featured links of its own—to 
pornographic pages. Such missteps are probably 
unavoidable in a medium as big and uncontrolled as 
the Internet. 

Bad links are worse than no links at all, if only for 
the deflating feeling of expectations dashed. A 
provocative essay in the webzine Suck, for example, 
pointed out that with operations like Wired maga¬ 
zine and America Online hitting bad patches and 
laying people off, the defiant “geek culture” that 
had been contemptuously thumbing its nose at 
management was finding itself having to be more 



published 
; Microsoft, offers 
commentary and 
debate on political, 
ecomomic, and cul¬ 
tural issues. The 
webzine is notable 
for its Committee of 
Correspondence—a 


of correspondence 





moderated forum of 
experts who debate 
an assigned topic 
online over the 
course of a week. 
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Webzines exhibit a 
variety of styles and 
missions. 

(top) caters to readers 
seeking mainstream 
reviews of the arts and 
literature, and offers a 
clean look and feel. 

(left, above ) provides 
spicy and often abra¬ 
sive commentary on 
digital culture. 


(above) sports 
a dense and uninviting 
contents page; its inno¬ 
vations include panel 
discussions that take 
advantage of the Web’s 
nonlinear structure. 

(right) is an 
attitude-laden webzine 
that puts a premium 
on goofy graphics. 
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Cutting Timber in Alaska 

Amidst ram. wind, helicopters, gram a!coho , bears, 
and a lot of trees. Steve Tyler works hard 


circumspect; having even a bad job 
was at least a job. It is not hard to find 
“dozens of people swapping enthusi¬ 
asm for misery,” said Suck —and 
highlighted this last sentence to indi¬ 
cate it was a hyperlink. But the link 
led to a newsgroup called alt.angst— 
an online bellyaching extravaganza 
filled with diatribes about atheists, Bill 
Gates, and many other pet peeves. A 
search through hundreds of recent 
postings found none discussing job 
anxiety. 


Talk Amongst Yourselves 



Some of webzines’ 
most interesting 
interactivity involves 
conversations among 
selected people on an 
assigned topic. Slate, for 
example, features a “Committee of 
Correspondence”—a panel of four or 
five people who post every day for a 
week on a given subject. Messages 
often respond to points made in the 
previous day’s submissions by the 
other panelists. The Committee of 
Correspondence operates under the 
gentle nudging of economist Herbert 
Stein, who frames the question on the 
first day, and then weighs in on every 
subsequent day to summarize what 
the other participants have been say¬ 
ing and to ask new questions. 

The power of Slate ’s panels lies in 
the credibility of the participants. The 
webzine has managed to assemble 
groups of thinkers who know what 
they’re talking about and write well 
(or are the beneficiaries of fine editing 
by the Slate crew), and who refrain 
from turning political issues into per¬ 
sonal attacks. For an Internet discus¬ 
sion, that’s a rare triple whammy. A 
panel arguing the merits of a bal¬ 
anced-budget amendment, for exam¬ 
ple, included Jim Miller of George 
Mason University, director of the 
Office of Management and Budget 
from 1985 to 1988; Robert D. Reis- 


























chauer of the Brookings Institute, director of the Congres¬ 
sional Budget Office from 1989 until 1995; Robert Shapiro of 
the Progressive Policy Institute, an economics adviser to the 
Clinton administration; and Sen. Paul Simon (D-Ill.). Slate's 
contribution was not in giving these analysts a spotlight—they 
are for the most part the same talking heads that appear on 
Sunday TV political shows—but in constructing a forum 
where they can respond to one another’s arguments and move 
beyond the glib answers that television often fosters. 

In another Slate feature, two people engage in a long¬ 
term correspondence with each other on a provocative sub¬ 
ject. The “Dialogs” column has grappled with whether 
there is a God and whether divorce should be more diffi¬ 
cult to obtain, and featured a highly charged debate between 
Newsweek’s Jonathan Alter and the New Republic’s 
William Powers over whether the press is going too easy 
on President Clinton by underplaying the administration’s 
scandals. While occasionally sparks fly, these debates are a 
good example of the kind of thoughtful and civil exchange 
often said to be missing from public discourse. 

Even experts can become a bit cranky, of course. 
HotWired’s “Brain Tennis” feature—a week-long debate 
between two people on a technological issue—veers toward 
flaming, with flavorful put-downs such as this one from a 
spirited conversation about whether nanotechnology is 
more hype than substance: “To call this concoction a straw 


ing, the conversation assumes a more bantering, informal 
quality. 

Print publications try to select and edit letters columns to 
roughly the same level of erudition and sophistication as 
the articles on which they comment. In webzines, however, 
this is not the case; reader forums are distinctly lower in 
intellectual power and cogency. Many contributors to these 
forums are curt, defensive, off-the-point, and have a ten¬ 
dency to substitute passion for intellect and knowledge. 
The moderator of Salon’s “Table Talk” spends much of her 
efforts “dousing waters on flame wars,” admits David Tal¬ 
bott, Salon’s founder and editor. 

Pictures and Sound 

Some webzines are cautiously taking advantage of the Inter¬ 
net’s multimedia capability. A HotWired article about 
Jimmy Carter, for example, provided a link to a 20-minute 
audio of a conversation with the former president, in which 
he expounded in his gentle Georgia drawl on his philosoph¬ 
ical and religious views at far greater length than appropri¬ 
ate to quote in the article. To hear the interview requires 
RealAudio software, which its creator, Progressive Net¬ 
works, offers free over the Web. 

The interview is one of a series that HotWired’s “Neti- 
zen” section has run. In others, civil rights leader and 


A webzine page peppered with links is not so much a document 


to read as a platform from which to dive into 


the roiling waters of the Internet. 


man is an insult to 
straw.” 

Feed, more than other Webzines, 
constructs its panel discussions in the 
spirit of the Web’s nonlinear structure. A selected group of 
people post short essays on a given topic. But reading 
through the forum you come across hyperlinks embedded in 
the text. Clicking here takes you to a response by one of 
the other panelists to the particular point being made in that 
specific sentence or paragraph. And within that response are 
other responses. Reading a Feed debate is like stepping into 
a hall of mirrors—the discussion swirls endlessly around in 
a manner that would be impossible to duplicate in print. 
Slate has started to use a similar style in its Committee of 
Correspondence. 

Webzines also offer readers the opportunity to converse 
with one another online. Authors and editors occasionally 
wade in to join the stream of commentary and response. 
Democratic strategist and former Clinton campaign adviser 
James Carville, who writes a column of political commen¬ 
tary in Salon called “Swamp Fever,” has posted frequently. 
So has novelist Anne Rice, who has published a series of 
diary entries in Salon. This kind of give-and-take occurs in 
print as well, of course, such as when a magazine appends 
an editor’s or writer’s response to a published letter from a 
reader. In webzines, however, the commentary can take on a 
life of its own and, without the delays of printing and mail- 


ambassador Andrew Young has talked about affirmative 
action and Chinese human-rights activist Harry Wu has 
spoken of his experiences in a Chinese labor camp. Fisten- 
ing to Wu’s tense voice and elegant statement, for example, 
one senses his pain and his passionate ideals for a better 
future in a way that a transcript of the interview could not 
convey. 

Unlike listening to an interview on radio or watching it on 
television, the Web’s audio capabilities allow the user to 
pause the playback, back up, or skip forward. Oddly, given 
that such interview tapes are essentially “free” content 
whenever a webzine covers a story, neither Slate nor Salon 
offers such audio features. Their hesitation stems partly 
from the low quality of sound. Ears accustomed to CDs and 
FM radio may find Web audio a step back in time. The 
warbly sound resembles, at best, a strong AM radio sta¬ 
tion, and often is more akin to that of a shortwave broad¬ 
cast from overseas. 

Webzines use video sparingly. Slate , for example, accom¬ 
panies each movie review with a brief clip from the film. 
Unfortunately, technical quality is poor. The webzines have 
to trade off picture quality against transmission time, and 
choose speed. Not only are the images low resolution, but 
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small as well, typically occupying a rectangle about 1 by 2 
inches in the middle of the screen. Longer segments of video 
that would look sharper and occupy a larger portion of the 
screen are technically possible but would take impractically 
long to transmit. As it is, these 30-second video nuggets 
take a long time to download—for a computer chugging 
along with a 14.4 kilobit-per-second modem, the down¬ 
load will chew up typically 15 to 20 minutes, Slate warns. 

Sometimes, however, this constraint makes little differ¬ 
ence. Take Slate's Varnish Remover column, which ana¬ 
lyzes television ads. The Web reader can click on a link to 
download the video of the entire ad, not just an excerpt. 
During the presidential campaign, the column was devoted 
mainly to political TV commercials; now it has moved on 
to the kind of product ads that fill the screens in nonelec¬ 
tion years, including Everready batteries and Levi’s jeans, 
as well as two product categories—liquor and condoms— 
that recently were the subject of first-time-ever TV ad cam¬ 
paigns. The ability to view the ads and read the commentary 
at the same time gives this feature an almost scholarly value. 

Multimedia links can also provide historical context. A 
Slate article by historian Michael Beschloss about the polit¬ 
ical problems that bedevil second-term presidents, for exam¬ 
ple, links not only to the Gallup poll’s quarterly public- 
approval ratings for every president since Eisenhower but 
also to audio clips from two infamous moments in Richard 
Nixon’s aborted second term: the “I am not a crook” pas¬ 
sage from a speech he made while the Watergate scandal 
was unfolding, and his resignation address. The medium 
makes such additions uniquely possible; television delivers 
pictures without the intellectual depth that text provides; 
print cannot bring events back to life. 

Lost in Space (and Time) 

Browsing the current webzines yields the impression that 
no one has completely figured out how best to adapt a print 
tradition to electronic form. Simple matters such as knowing 



how to get from place to place and 
knowing whether an article is old or 
new seem to stymie the designer; a zine surfer 
must acclimate to different interfaces at every 
electronic publication. 

Some differences are cosmetic; Slate’s 
maroon, gray, and white color scheme stands 
in sedate contrast to HotWired’s highly con¬ 
trasting colors (a different glowing hue every day) 
and Word’s melange of moving images. Some entries 
into the field have yet to master Web basics. Intellectual- 
Capital, which comes off as a weighty magazine of political 
and economic issues, has not yet figured out that long tables 
of contents on the home page are difficult to penetrate. 

Webzines spawned by the print magazine establishment 
sometimes reveal unhelpful allegiance to print conventions. 
Slate, for example, assigns “page” numbers to articles. The 
idea is to make readers feel that they can navigate the way 
they do in print. But Web surfers don’t generally think of 
online material as numbered pages, and this system seems 
anachronistic—as if Henry Ford had built a set of reins into 
the dashboard of the Model T. ( Computer-Mediated Com¬ 
munication Magazine numbered its pages when it started up 
three years ago, says founder and editor John December, but 
abandoned the system because the numbers seemed arbi¬ 
trary in a nonlinear medium.) 

If Slate errs by trying to be too printlike, the opposite ten¬ 
dency mars Word, a New York-based lifestyle webzine. In 
Word, nothing stands still; the graphic images dance and 
shimmy, usually without any particular meaning. The table 
of contents looks like something from TV Guide, with six 
fine-print listings of articles arranged in columns under 
inscrutable department titles like “habit,” “gigo,” “pay,” 
“machine,” and “desire.” Graphical paraphernalia seem 
goofy; a gallery of animated dancing toilets, for example, 
adorns a page of self-described stupid jokes. 

Salon and HotWired have probably devised the most fully 
Web-like sites. Salon’s main page presents links to the 
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webzine’s departments: “Sharps & Flats” (music reviews); 
“Newsreal” (commentary on the news); “Media Circus” 
(media criticism); “Sneak Peeks” (book reviews) and 
“Taste” (food and wine). Clicking on one of those choices 
brings up a page with content divided into compartments, 
known as “frames.” The main frame contains the article of 
the day; along the left-hand side of the screen a narrow ver¬ 
tical frame presents an index of every article in that depart¬ 
ment for the past month, any of which you can read with a 
click. 

Different webzines have different approaches for display¬ 
ing articles that are too long to fit on a single screen. Slate 
delivers an entire article at once, no matter how long it is, 
allowing readers to scroll up and down through it much as 
they would flip through the pages of a long article in a 
printed publication. Salon and HotWired, on the other 
hand, often present articles in segments. A Salon essay ana¬ 
lyzing the prevalence of libertarianism on the Net, for exam¬ 
ple, leads off with the first 500 words, along with a link to 
click on to get the 2,500-word balance of the piece. Salon 
breaks other articles into multiple, equal-sized chunks, with 
no apparent logic to guide the partitioning. 

Webzine designers face a dilemma. The surest way for any 
Web site to draw traffic is to change the content fre¬ 
quently—nothing feels as stale as an unchanged Web site. 
Too much churn, however, confuses a print-oriented reader. 


The best online panels bring 


together thinkers who know 


what they’re talking about, write 


well, and refrain from making personal 


attacks. For the Internet, that’s 


a rare triple whammy. 


Magazines as 
we have come 
to know them are 
defined by the issue date 
that anchors them in time; 
cover images and other cues help 
readers recognize what’s new and what’s 
old. And once an issue is read, it can be consigned to the trash 
or storage pile. Webzines treat time more cavalierly. It’s not 
immediately apparent when you have already read something, 
so you find yourself revisiting the site in search of fresh mate¬ 
rial. And sometimes a label of “new” on the contents page indi¬ 
cates only a small addition to a department rather than an 
entirely new piece. Slate took a helpful step toward anchoring its 
articles in time by offering, as an option, a contents page that 
sorts articles by date. 

The ease of dipping into a webzine’s archives of past arti¬ 
cles further muddies the reader’s place in time. With last 
week’s or last month’s articles only a couple of clicks away, 
webzine sites make it about as easy to tap into their well of 
previously published material as their current issue. It is as if 
Time magazine came to the mailbox every week with a 100- 


pound box of carefully indexed back issues. The most cur¬ 
rent edition loses some of its primacy when stacked against 
all that history. 

The best webzines are finding ways to update their mate¬ 
rial often while acknowledging many readers’ preference for 
discrete “issues” pinned to a particular day or week. Slate, 
Salon, and HotWired, which change at least some of their 
content every weekday, all send out weekly e-mails sum¬ 
marizing the articles “now playing” at their sites; these 
notices go to all who have signed up for these webzines’ 
(free) alert services. The e-mail contains hot links that allow 
recipients to jump immediately to read the piece that the 
blurb describes. 

Who’s Paying the Bills? 

Most of the cost of publishing a conventional magazine 
goes to buy paper, operate the printing presses, and dis¬ 
tribute the finished product through the mail and to news¬ 
stands, according to Christopher Harper, a journalism pro¬ 
fessor at New York University. A webzine incurs none of 
these. At first blush, therefore, any revenue that a webzine 
can produce “seems like free money,” says Michael Moora- 
dian, an analyst at Jupiter Communications, a market- 
research firm specializing in new media. Salon, which was 
launched in November 1995, began with one-tenth the cap¬ 
ital that would have been required for a comparable 

national print magazine, asserts Salon founder David 
Talbott. 

Nevertheless, whether webzines’ unique attributes 
will lead to financial success—and hence long-term 
survival—remains an open question. Writers, edi¬ 
tors, and computer programmers don’t work for 
free. Slate has a staff of about two dozen, acc¬ 
ording to publisher 
Rogers Weed; Salon, 
says Talbot, is put out 
by 18 people. Thus 
maintaining a high- 
quality webzine requires 
a substantial flow of income 
from somewhere. The big 
webzines are still running on the momentum of their deep- 
pocketed founders—with Microsoft bankrolling Slate, and 
Apple Computer and Adobe Systems supporting the launch 
of Salon. 

Print magazines make money in two basic ways: selling 
copies to readers and selling readers to advertisers. Neither 
source of revenue translates very well onto the Web. Internet 
users, steeped in an ethic of free information, are loath to 
pay for anything other than hooking into the Net itself. 

Slate’s saga shows that the day when webzines will charge 
for subscriptions seems, if anything, to be receding into the 
hazy future. When Microsoft launched Slate last June as a 
free service, the company warned that the deal was only 
temporary. Starting in November, Slate readers were going 
to have to pay $19.95 per year for the privilege. As Novem- 
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card number and address, and within days the item arrives 
at your door. The bookstore, in turn, prints excerpts from 
Salon reviews on the bookmarks that it gives away to cus¬ 
tomers. Judging from Salon’s often-critical reviews, this cozy 
relationship has not seemed to compromise the webzine’s 
editorial integrity. 

Still, webzines may have difficulty surviving on advertis¬ 
ing dollars. A print magazine sells ad space by promoting the 
demographics of its readers. While publications like Slate 
and Salon attract an upscale audience— Salon, for example, 
claims that its readers have a median household income of 
$80,000—this profile does not stand out in bold relief from 
the Internet as a whole, which is still largely an affluent pre¬ 
serve. “ Slate and Salon have great demographics, but on 
the Internet that’s no big deal,” says Mary Doyle, a new- 
media analyst at the market-research firm IDC/Link in New 
York. It therefore makes more sense for a company to place 
ads in sites that millions of people surf by—the Netscape 
home page, for example, or one of the major search sites 


“We couldn’t convince ourselves that people 


lust for political and cultural commentary the 


way they lust for sex or money .”—Slate editor 


ber approached, however, Slate backed down. Access would 
continue to be free until February 1997, Microsoft 
announced, because the company had been unable to per¬ 
fect the software needed to keep billing records. Cynics 
scoffed at that explanation, suspecting that Microsoft’s real 
concern was a potential drop in readership. 

And indeed, in January, Slate postponed this financial day 
of reckoning yet again—this time indefinitely. “Maybe in the 
future,” wrote Slate editor Michael Kinsley, “people will 
happily pay for access to premium sites” on the Web, as they 
pay now for premium cable channels. But Kinsley acknowl¬ 
edged that with the possible exceptions of pornography and 
financial information, that day has not arrived. “Even in our 
headiest moments,” he continued, “we couldn’t convince 
ourselves that people lust for political and cultural com¬ 
mentary the way they lust for sex or money.” 

The analogy with cable TV is telling, says David Card, 
an interactive services analyst at the market-research firm 
International Data Corp. Premium channels like Home Box 
Office didn’t really take 
off, he says, until free TV 
and basic cable channels 
were glutted with very- 
low-quality programing. 

Only then were millions 
of people willing to pay for 
a service that they had been 
receiving for free. There is still plenty of valuable 
and entertaining material on the Web that costs the 
user nothing, Card contends. As long as that is the 
case, webzines will find subscription sales a tough path. 

Web surfers have at least another year of free reading, 
analysts say. The only online publications that will be able to 
charge for access are those with gold-plated brand names 
that command an instant audience, says Jupiter’s Moora- 
dian. The Wall Street Journal has already begun charging for 
access to its online interactive edition; Barron’s and ESPN 
might similarly get away with levying such fees for their 
financial and sports information. 

Meanwhile, most webzines are trying to make ends meet 
by tapping into the explosively growing market of Web- 
based advertising. Companies spent $55 million on Web ads 
in 1995 and $260 million in 1996, according to Moora- 
dian at Jupiter. The total is expected to top $1 billion this 
year. Web advertising has great allure because readers can do 
more than simply gaze at a picture or read the copy—they 
can also click through to the advertiser’s page, where they 
can request more information, download trial versions of a 
software product, or place a credit card order. 

Such advertising appears in two basic forms: long-term 
sponsorship of a webzine’s department, and banner ads that 
appear on the top of pages anywhere in the webzine. A suc¬ 
cessful example of a sponsorship is the relationship between 
Salon and Borders, the national bookstore chain. In return 
for sponsoring Salon’s book review page, Borders gets a 
sweet prize: reviews are accompanied by links to the book¬ 
store’s order forms. Click on the order form, fill in a credit 


Michael Kinsley, announcing that 


the webzine would remain free. 


such as Yahoo and Infoseek. In fact, Doyle says, webzines 
will skim off only a small fraction of the total Web ad rev¬ 
enue; 1996 advertising revenue for all webzines totaled a 
mere $13.5 million, she estimates, puny compared with the 
$61 million spent on ads at search sites. 

Mooradian of Jupiter counters that webzines do have 
special appeal. A company selling Scotch, he says, is not 
going to find a general-purpose Web page very attractive as 
an advertising site, since so many Net users are under the 
legal drinking age. “A company like that is going to be much 
more likely to put an ad on Slate than on the Netscape home 
page,” Mooradian says. And Salon , which claims a reader- 
ship that is 50 percent female, should attract advertisers 
who would otherwise dismiss the Web as an inappropriate 
medium. 

Advertising is a numbers game, and Web sites are still 
struggling to come up with the solid numbers advertisers 
want—namely, how many people visit a site. One way is to 
have readers register. All the top webzines require registra¬ 
tion to enter their forum, or to sign up to receive e-mail 
notification of what is in the webzine. Such registration is 
free to the user and gives the webzine its most reliable tal¬ 
lies of how many people are reading it. Slate , for example 
maintains about 15,000 people on its e-mail list. The 
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Tapping the medium’s 
potential: Webzines have 
incorporated video only 
slowly; one smart use is 
in critiques 

of television ads (left). 
Hot-Wired’s 
“Brain Tennis” (right) 
illustrates the Web’s 
ability to showcase 
provocative debate. 



webzine also claims that 50,000 to 60,000 different people 
visit the Slate site “on a semi-regular basis.” Salon says more 
than 27,000 people have registered for its “Table Talk” 
forum. These are small numbers by magazine publishing 
standards; if advertisement is to sustain webzines, the com¬ 
panies placing the ads will need to believe that the Web is 
providing an added benefit beyond what they could get in 
print. An advertiser needs to be convinced, for example, that 
buying space on a webzine will do the company more good 
than an ad that reaches the same number of people in print. 

Other streams of income are also possible. Word, for 
example, licenses some of its articles to companies who want 
to liven up their own corporate Web pages. The Net access 
and web-page-design company that owns Word —ICon— 
also rakes in consulting fees for dispensing advice on 
^ how to set up an attention-getting Web site. Word 
functions as a promotional tool for its parent 
company and therefore does not need to 
|K \ \ make money in its own right. 

% \ \A Growing Up 

Webzines face a tough battle in estab- 
lishing themselves as a viable medium. 

They are certainly nowhere near usurping 
the place of print publications (not a goal that they espouse 
in any case). 

Technological innovations are arising faster than 
webzines incorporate them. RealAudio has been available 
for two years, yet few webzines offer sound links. The rea¬ 
son lies partly in the low quality of Net access that most peo¬ 
ple have. Only about one U.S. household in five has a 
modem, and that will rise to about one in four by 1999, 
according to E-land, a company that compiles Internet 


usage data. And a substantial number of these modems 
crawl at 14.4 kilobits per second. At that speed, download¬ 
ing graphics—not to mention sound and video—is an exer¬ 
cise in finger-drumming tedium, leading to more frustra¬ 
tion than gratification. 

Looking into the future, some predict the convergence of 
webzines with print. Picture an ultra-lightweight, ultraslim 
computer display that connects to the Internet and that 
receives data through a high-speed wireless transmission. 
This tablet would prove almost as portable as a print mag¬ 
azine but would offer all the added value that the online 
publications provide. 

Journalistically, webzines have some growing up to do. 
The dearth of original reporting forces the webzines to 
establish identities, say some commentators, not by deliver¬ 
ing information but by striking poses —Suck as an arbiter 
of what is good in Net journalism, Slate with its inside-the- 
beltway, know-it-all punditry, Salon with its literary pre¬ 
tensions. The need to keep readers on a page instead of 
hopping off through a hyperlink leads writers and editors to 
indulge in a kind of substanceless edginess. “The problem 
with these publications is that they’re nothing but attitude,” 
complains media critic Kennedy. 

At the same time, the new media do provide a chance to 
make a clean break from print journalism, which the pub¬ 
lic has harshly criticized for flaws ranging from an obsession 
with violence to overreliance on information handouts by 
government officials and corporations. “The Web’s great 
adventure is that it puts the reader in control,” says NYU’s 
Harper, whose present status as new-media scholar comes 
after a 20-year career as reporter for Associated Press, 
Newsweek, and ABC News’s 20/20. “The Web isn’t the 
end-all and be-all, but it does gives us a wonderful oppor¬ 
tunity to reexamine how we tell stories.”® 


Visit our Home Page to find links on the Internet to sources of information related to this article: 
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cognizing that tumor cells lurking in the body 
after cancer treatment will cause a relapse of 
cancer, scientists are working to employ 
nature’s army—the immune system—to 
destroy remaining enemy outposts. 


E arly in this century, patients with cancer would often seek medical attention only 
in the final stages of their disease, after their tumors had become massive. Sur¬ 
geons would attempt to remove these tumors to alleviate their patients’ pain. But since 
sterile operative techniques were in their infancy and the discovery of antibiotics almost 
half a century away, such surgery often caused massive and frequently fatal infections. 
In a few instances, however, tumor remnants of infected patients would disappear, 
leaving them healthy and doctors puzzled. Today, after decades of research into how 
the immune system works, scientists have learned that the seemingly miraculous cures 
resulted from the infections themselves, which set in motion complex immune reactions. 






he immune system’s elegant and 
complex methods of attacking invaders 
suggest a variety of ways to assail 
remaining bits of malignancies. 


U nderstanding the relationship between cancer and the 
immune system—whose purpose is to find and destroy 
any abnormal cells in an organism among a mass of nor¬ 
mal ones—has resulted partly from so-called “experiments 
of nature.” A few diseases involving immune deficiencies are 
associated with higher rates of cancer for example. A person 
infected with HIV, for instance, is 100 times more likely to 
develop a malignancy than an uninfected person. Also, 
organ-transplant recipients treated for a long time with 
drugs that suppress the immune system, thereby preventing 
rejection of the new organs, are many times more likely to 
develop cancer than the rest of the population. In fact, an 
elegant demonstration of the immune system’s role in pro¬ 
tecting against cancer is the fact that tumors occasionally 
regress when doctors remove immunosuppressing drugs. 

Armed with such discoveries as well as modern biotech¬ 
nology techniques, researchers have begun using several 
elements of the immune system to systematically destroy 
tumor cells. (Of course, immunotherapy is only one of a 
number of innovative ideas in cancer treatment that hold 
significant promise. The public investment into cancer 
research since the Nixon administration declared war on 
cancer in 1971 is finally starting to produce a variety of 
innovative techniques, such as methods that exploit the 
genetics of how a cell becomes malignant.) The work, being 
conducted on both animal models and people with cancers 
difficult to eliminate by traditional means, has a long way 
to go but suggests a more effective way of treating many 
cancers in the future. 

The Problem with Recurrent Cancer 

The standard methods for eliminating malignant tumors 
have long been surgery, radiation, and chemotherapy. The 
underlying crude assumption is that doctors can generally 
destroy a cancer without losing the patient to the therapy’s 
toxic effects. Of course, as researchers have developed sup¬ 
portive care such as powerful antibiotics and growth fac- 


Ronald M.Kline is director of the pediatric blood and marrow trans¬ 
plantation program at the University of Louisville and Kosair Children's 
Hospital. He conducts immunotherapy research as part of his work treat¬ 
ing patients with cancer. Sunil Chad a is a molecular immunologist study¬ 
ing gene-therapy approaches for treating HIV and cancer at Chiron Tech¬ 
nologies' Center for Gene Therapy, which is based in San Diego. 


tors—natural body proteins that can be manufactured using 
genetic-engineering techniques and that cause the white- 
blood-cell count (which plummets after treatments) to 
recover more quickly—doctors have been able to administer 
more intensive chemotherapy. These treatments have played 
a role in the recent good news that the number of U.S. can¬ 
cer deaths has finally dropped for several consecutive years. 
Still, 500,000 U.S. residents annually die of malignancies— 
a number hard on the heels of the country’s number-one 
killer, cardiovascular disease. 

For everyone who has witnessed cancer firsthand— 
whether as patient, family member, friend, or medical pro¬ 
fessional—one of the most worrisome and disheartening 
aspects is that while today’s therapies can generally eradicate 
all measurable evidence of disease initially, any remaining 
cells may proliferate and cause a relapse of cancer. And 
because the first set of remaining cells has resisted 
chemotherapy, their offspring have a selective advantage to 
do the same, leaving the person with a recurrence of cancer 
that is often widespread and much less easily treated with 
chemotherapy or other techniques. 

A critical need, therefore, is to find and eliminate the few 
remaining cancer cells left viable after conventional therapy. 
The immune system’s elegant and complex methods of attack¬ 
ing invaders suggest a variety of ways to assail the remaining 
bits of malignancies. (Another goal is to discard today’s tech¬ 
niques altogether in favor of an entirely different method. 
But eliminating treatments that now work better than any¬ 
thing else is not judicious until viable alternatives develop.) 

At its simplest level, the immune system discriminates 
between “self” and “nonself” and destroys the latter. In 
most responses, the system relies partly on antibodies— 
proteins with two specialized ends. One end of an antibody 
binds to the infecting cell or virus while the other end 
attracts immune cells that engulf and digest the invader. 
The attack also relies on different immune cells, which, upon 
contact with foreign cells, secrete compounds that make 
the offenders’ membranes porous so that their vital con¬ 
tents leak out and the cells eventually die. 

With this general understanding of the immune system 
and knowledge of the early reports of tumor regressions 
after infection, in the 1960s and ’70s clinicians injected some 
solid tumors with killed or weakened microbes, such as 
BCG (bacille Calmette-Guerin, an altered form of tubercu¬ 
losis) and Cornybacteria (the cause of diphtheria), in the 
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hope that such outside organisms would stimulate an 
immune response. And indeed they did, sometimes destroy¬ 
ing the tumor. Although the results were inconsistent, the 
work demonstrated that “immunotherapy” might someday 
have a place in the cancer-fighting armamentarium. 

Toward Specific Immune Therapy 

Then along came genetic engineering and the recognition 
of its value in identifying and manufacturing proteins called 
cytokines. Some of these can act as anticancer agents 
because they regulate the activation of immune cells. They 
essentially put the immune system at a higher state of alert¬ 
ness so that it can better detect tumor cells. Researchers 
had discovered some cytokines in the mid 1970s, before 
the era of genetic engineering, but that technology made 
possible the production of a large enough quantity of the 
proteins for study and treatment. 

Over the years, investigators have identified several 
cytokines that lead to the destruction of tumor cells. Indeed, 
the U.S. Food and Drug Administration has approved the 
intravenous use of the cytokine interleukin-2 for this pur¬ 
pose against kidney cancer. Researchers have also found this 
cytokine can help against one form of leukemia and malig¬ 
nant melanoma, and are studying its efficacy 
against a broad range of other cancers. And sci¬ 
entists have discovered that the cytokine alpha 
interferon can activate immune cells against a 
form of leukemia. Although for reasons not yet 
understood investigators have found that 
cytokine injections generally induce responses in 
only 20 to 30 percent of patients, researchers 
worldwide are continuing to explore which of a 
large variety of tumors, prognostic factors, doses, 
and dose schedules work best with particular 
cytokines. 

Meanwhile, following some early work inject¬ 
ing cytokines to fight cancer, some scientists rec¬ 
ognized that the amount of immune-cell activa¬ 
tion that can take place in the 
body through cytokine 
injection is limited by 
the dose of cyto¬ 
kines that can be 
administered 
that way. The 
treatment’s side 
effects, such as 
alternating fever 
and chills, low 
blood pressure, 
and difficulty in 
breathing, can be¬ 
come severe enough 
that patients need to 
stop the therapy. The inves 


tigators thought a way to raise the amount of activated 
immune cells would be to identify some of those cells, 
remove a few from the body, and mix them with a high 
dose of cytokines in a test tube. The idea was that the result¬ 
ing large mass of activated immune cells, when infused back 
into the body, would travel to tumor sites and destroy can¬ 
cer cells. 

In 1982 Elizabeth Grimm, then a cancer expert at the 
National Cancer Institute (NCI), and two colleagues were 
the first to identify a kind of immune cell—which they 
labeled a lymphokine-activated killer (LAK) cell—that led to 
the death of tumor cells. Using the cytokine interleukin-2, 
the team next activated quantities of LAK cells in test tubes. 
Working in the laboratory of Steven Rosenberg, chief of 
NCI’s surgery branch, the group ultimately found that LAK 
infusions destroyed cancer cells, especially those associated 
with malignant melanoma and kidney cancer. But other 
researchers concluded that the effects were no stronger than 
those seen from simply injecting interleukin-2. Apparently 
generating LAK cells outside the body was no more effective 
that creating them within the body through infusions of 
interleukin-2. 

Then in 1986 Rosenberg isolated an immune cell from 
inside a tumor itself. Calling this cell a tumor-infiltrating 
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lymphocyte (TIL), he postulated that it recognizes proteins 
unique to a tumor, moves into that entity, and attempts to 
generate an immune response. He extracted TIL cells from 
a surgically removed tumor and, in a test tube using inter- 
leukin-2, stimulated their growth up to about 100 times 
their original number. After this process, which took three 
weeks, Rosenberg injected the complete mass of TIL cells 
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into animal models and later patients. The therapy was 
more potent than LAK treatments, with the tumors in 11 
of 20 patients shrinking or disappearing altogether. 

In follow-up research to determine why the TIL tech¬ 
nique didn’t always work as expected, however, in 1990 
Richard Barth of the same laboratory determined that TIL 
cells do not kill tumor cells directly. Instead, after traveling to 
the tumor site they secrete more cytokines, such as tumor 
necrosis factor (TNF) and gamma interferon. These pre¬ 
sumably recruit still other elements of the immune system 
in an attempt to destroy the tumor—an operation analogous 
to a reconnaissance team finding an enemy and then firing 
flares to bring reinforcements. Armed with this knowledge, 
in a subsequent experiment the lab tried to genetically engi¬ 
neer TIL cells to raise their secretion of TNF and gamma 
interferon. The idea was that the manufactured material, 
after being injected into the body, would home to areas sur¬ 
rounding malignant melanoma tumors—a particularly viru¬ 
lent form of cancer. But the researchers couldn’t consistently 
engineer the TIL cells as they wanted to. 

Interest in the method, as well as in injecting amplified but 
unaltered TIL, has subsequently waned because of such 
practical difficulties. Moreover, growing TIL cells is costly 

because of extensive involvement 
of lab technicians over 
three to six weeks, and 
contamination of 
cultures with bac¬ 
teria or fungi is 
always possible. 
Repeated surg¬ 
eries are also 
required to pro¬ 
vide tumor cells 
to stimulate con¬ 
tinual TIL growth. 
Still, the notion 
underlying Barth’s 
research—genetically 
manipulating tumor 
cells—has provided the 
intellectual impetus for 
the next stage of work: 
cancer vaccines. 

Fighting Tumors with 
Their Own Kind 

When most people 
think of vaccines, their 
reference is to doctors 
giving these agents to 
prevent illness in the 
first place. But vaccines 
can be more than that, 
since they are simply 
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modified infectious agents, or portions of agents, that stim¬ 
ulate an immune response when administered into a body. 
Thus a vaccine can be given after a person is sick, with the 
intention of stimulating an immune response strong enough 
to enable the patient to heal and then stay well. This 
approach underlies the idea of cancer vaccines. 

The method used to construct most cancer vaccines has 
entailed introducing genes for cytokines into tumor cells and 
injecting these into the body. (To ensure safety, they have 
been treated with high-dose radiation so they cannot prolif¬ 
erate but can still carry out functions such as releasing the 
cytokines.) Researchers believe that physically bringing 
together these agents, plus immune cells that are always cir¬ 
culating in the body, approximates what happens during the 
natural generation of an immune response against cancer. 
The additional tumor cells should theoretically secrete extra- 
large doses of cytokines that will in turn activate height¬ 
ened immune responses. And theoretically, the treatment 
should work for a long time, since immune responses pro¬ 
duce other cells known as memory T cells, which provide 
long-term immunity. 

Experiments introducing cytokine genes into animals’ 
tumor cells began in the late 1980s, with researchers hav¬ 
ing now tested more than 10 of some 50 isolated cytokines. 
Working with mice, scientists have found that 4 cytokine 
genes—those that produce interleukin-2, interleukin-4, 
gamma interferon, and GM-CSF—suppress the growth of 
existing malignancies of various kinds, including melanoma, 
colon, kidney, breast, and leukemia. 

The encouraging results have led to more than 80 human 
clinical trials. Researchers have treated over 100 people 
with interleukin-2 vaccines, more than 80 with GM-CSF, 
and 30-plus with gamma interferon. The investigators are 
just starting to publish their findings. In the first trial to be 
described that has had a significant number of patients, for 
instance, investigators at Somatix of Alameda, Calif., 
inserted the GM-CSF gene into tumor cells of more than 
40 extremely sick patients for whom other treatments for 
malignant melanoma had failed. The researchers then 
injected the modified cells into the patients. While because of 
the stage of their illness many of the patients died during 
the treatment period, 3 of 13 people have had some tumors 
partly or completely shrink after therapy. Since ordinarily 
none of these tumors would have been expected to shrink, 
that number is encouraging enough to suggest that further 
trials are warranted. 

Still, the general technique is not ideal to use across the 
board, since it requires genetically engineering each patient’s 
tumor cells. That’s necessary because an individual will 
reject another individual’s cells. To avoid this problem, some 
researchers have come up with the idea of using something 
other than whole cells: tumor antigens—proteins found on 
the surface of tumor cells. Antigens, which are not neces¬ 
sarily unique to individuals and therefore not something 
that bodies reject, lead to an immune response against 
abnormal entities such as tumors. If investigators can figure 
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Researchers have devised several related approaches that use the immune system to fight cancer. In the 1980s scientists 
found a kind of immune cell inside tumors—tumor-infiltrating lymphocytes (TIL)—and tried injecting large quantities into 
patients. The cells travel to tumor cells and secrete cytokines, which initiate a cascade of events that generate an immune 
response. As part of this process, lymphocyte cells recognize antigens on tumor cells and destroy those cells. 
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TIL injections proved complex and costly. Investigators have therefore started examining the details of 
the immune response to devise other ways to elicit it. Many trials now focus on injecting tumor cells 
modified to secrete a large number of one or another kind of cytokine The cytokines recruit two 
immune-cell types antigen-presenting cells and lymphocytes. When antigen-presenting cells link to 
tumor antigens in the presence of cytokines, this activates more lymphocytes and provokes the release 
of more cytokines. Lymphocytes recognize tumor antigens and attack tumor cells. 
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Modifying tumor cells still has a hitch: it requires genetic engineering of each person's cells. Some researchers are trying to circum¬ 
vent this by injecting DNA containing genes for cytokines and tumor antigens—which aren't necessarily unique to individuals—into 
patients’ normal cells. These genes then produce the proteins, which in turn initiate the same immune response as above 
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out the antigens produced by particular kinds of tumors, 
the thinking goes, large amounts of such compounds, or 
better yet, their genes, could be placed, along with cytokine 
genes, into “vectors.” These are viruses manipulated so that 
they cannot replicate and therefore cannot cause disease but 
can still insert themselves into the DNA of host cells. The 
engineered vectors could be used to infect cells in a person 
with a particular malignancy. Presumably the resulting anti¬ 
gens would induce an immune response against the cancer. 

In 1991, Thierry Boon, director of the Ludwig Institute 
for Cancer Research branch in Brussels, published a tech¬ 
nique for identifying antigens found on the surface of tumor 
cells. Transferring into mice a gene he discovered using this 
method—for an antigen associated with a mouse tumor— 
Boon has generated immune responses that have protected 
against subsequent injection of tumor cells. Steven Rosen¬ 
berg’s group at the National Cancer Institute has since 
started clinical trials to evaluate the effect of transferring 
genes for that antigen, as well as two others subsequently 
discovered, into melanoma patients. Results are not yet 
available. 


Fakhrai published an approach for treating an aggressive 
brain tumor that secretes an inhibitory cytokine called trans¬ 
forming growth factor-beta (TGF-1?). This cancer usually 
causes patients’ deaths within a year of diagnosis. 

Fakhrai’s method uses “anti-sense” DNA—material that 
blocks production of proteins such as TGF-b. Researchers 
have designed anti-sense DNA with DNA’s double- 
stranded structure in mind. To manufacture a protein, 
DNA receives a signal to uncoil and produce a comple¬ 
mentary entity, known as messenger RNA (mRNA), that 
codes for the protein. The mRNA then travels outside the 
cell’s nucleus and attaches to another compound in the 
cell for the next stage in protein production. Scientists 
have figured out how to make a mirror copy of the mRNA 
and to insert that substance, called anti-sense DNA, into 
the cell. There it binds to the mRNA, effectively blocking 
protein production. 

Fakhrai’s team has produced anti-sense DNA that pre¬ 
vents brain-tumor cells from manufacturing TGF-E. Work¬ 
ing with rats with brain tumors, the group found that all 11 
animals injected with vectors containing the anti-sense 
DNA rejected their growing tumors and 
survived, while every rat that did not 
undergo this process died. 

As of early 1997, the researchers had 
begun human trials. The investigators 
recognize that the technique could be lim¬ 
ited, however, because scientists have 
identified inhibitory cytokines associated 
with only a small number of tumors. 
Nevertheless, by focusing attention on 
how some tumors evade immune 
responses, the research may lead to new 
approaches for treating other cancers. 

Fakhrai’s work is just one 
that offers a more promising 
approach to ridding the 
body of cancer. Still, the sta¬ 
tus of immunotherapy 
research today resembles 
that of chemotherapy soon 
after investigators first 
demonstrated its effective¬ 
ness in 1948. In the 1950s, 
scientists noted a significant 
number of short-term suc¬ 
cesses and a small number of 
complete cures, but skeptics 
questioned whether doctors 
should put patients through 
such a difficult regimen 
rather than simply endeav¬ 
oring to keep cancer patients 
pain-free for the little time 
left to them. The broad spec¬ 
trum of chemotherapeutic 


Inhibiting Inhibitors 

Other researchers have taken an altogether 
different tack in developing cancer vaccines. 
Recognizing that some cytokines associated 
with tumors do not activate an immune 
response but actually inhibit it, a group led 
by Habib Fakhrai, director of brain-tumor 
gene therapy at University of California, Los 
Angeles, School of Medicine, has researched 
techniques for preventing tumor cells from 
secreting inhibitory cytokines. This past year 
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MX many researchers are manipulating the 
immune system to develop treatments to sop 
up the cancer remnants following chemother¬ 
apy, some investigators are working with the 
products of immune cells to improve chemotherapy itself. 
The idea is to link antibodies to the toxic agents to deliver 
the resulting material only to 
tumor cells. This could eliminate 
dangerous systemic effects that 
ensue when chemotherapy is 
administered to the whole body: 
damage to critical body parts 
such as the kidneys, the liver, the 
heart, the lungs, and bone mar¬ 
row, which produces the white 
blood cells that fight disease. 

Then doctors could safely pro¬ 
vide higher doses of chemother¬ 
apy, or treatments with more 
toxic compounds. And by mar¬ 
rying antibodies to toxic radioac¬ 
tive agents, physicians also might 
be able to safely raise doses of 
radiation when that treatment is 
preferable. 

The approach relies on “mono¬ 
clonal” antibodies—any of a spe¬ 
cific kind of antibody, such as one that fights 
chicken pox—manufactured by a genetically 
identical population of antibody-secreting cells. 

In 1975 Cesar Milstein and Georges Kohler, 
both of the Medical Research Council's Labo¬ 
ratory of Molecular Biology in Cambridge, Eng¬ 
land, announced they had developed a tech¬ 
nique to produce nearly unlimited quantities of 
monoclonal antibodies. Investigators quickly 
recognized that if scientists could obtain anti¬ 
bodies directed against particular tumor cells, 
the new technology—for which Milstein and 
Kohler received the Nobel Prize in physiology 
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or medicine in 1984—could then manufacture enough copies 
to attach to toxic compounds. Injected into patients, the anti¬ 
bodies in the resulting “immunotoxins” would then go on 
seek-and-destroy missions, guiding their deadly cargo only to 
tumor cells. 

Early clinical studies, at a variety of institutions on several 
hundred patients, are starting to 
show that in inany kinds of can¬ 
cer, immunotoxins produce less 
toxic side effects than chemother¬ 
apy or radiation used alone. Fur¬ 
ther research will examine whether 
immunotoxins 
are a more effec¬ 
tive cancer treat¬ 
ment. So far, as 
has occurred 
with other im¬ 
munotherapy 
methods, re¬ 
searchers have 
found that im¬ 
munotoxins can 
eradicate indi¬ 
vidual cancer 
cells among 
masses of nor¬ 
mal ones. 

Researchers 
at various institu¬ 
tions have also 
linked mono¬ 
clonal antibodies to low-energy and therefore 
nontoxic radioactive compounds, and used 
these to detect aggregations of different tumor 
cells in the body. Under the influence of radi¬ 
ation, those cells generate a bright spot that 
wouldn’t normally show up on an x-ray or 
CT scan. Improved detection means a better 
ability to direct cancer therapy. ■ 


agents available today, and the current understanding of 
the best sequences and doses, have required almost a half 
century of research. 

Investigators today similarly do not understand specifically 
how the immune response can best be manipulated to attack 


cancers, nor what treatment methods are most appropriate 
and practical for particular tumors. A long period of trial 
and error lies ahead. But investigators have taken the first 
difficult step: laying the intellectual groundwork for fighting 
cancer by systematically generating an immune response. ■ 
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The Case of the 
Vanishing 

Are the world’s amphibians—vulnerable to eco¬ 
logical CHANGES IN WATER AND ON LAND—ACTING LIKE 
CANARIES IN A COAL MINE, WARNING US OF ENVIRONMENTAL 
DANGERS BELOW THE THRESHOLD OF HUMAN PERCEPTION? 
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In the summer of 1982 , 

the University of California at Berkeley, set 

By Timothy R. Halliday and W. Ronald Heyer 







Wake, director of the Museum of Vertebrate Zoology at 


solve a little mystery. Several months earlier he had pointed 
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LAUNCHED A GLOBAL 
INVESTIGATION. 
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David Green, then a postdoctoral fellow, to a site in the 
nearby Sierra Nevada that Wake knew to be abundant in 
Rana muscosa, a mottled yellow and brown frog Green 
was studying because of its unusually broken distribution 
patterns. But when Green reached the designated location, 
he couldn’t find a single specimen. 

Puzzled by Green’s account, Wake decided to accompany 
him to the site, assuming he had simply missed it the first 
time. But when they arrived, Wake, too, was surprised to 
find that all the adults had disappeared and only a couple 
of tadpoles remained. 

Wake and his other students soon began to notice similar 
disappearances at other popular frog localities in central and 
northern California. Wake wondered if he had stumbled 
upon a bigger puzzle: Was this decline in amphibian popu¬ 
lations occurring only in California, or was it part of some 
larger pattern? 

By coincidence, the First World Congress of Herpetology 


uate the evidence. The group, 
which convened in February 
1990 in Irvine, Calif., quickly 
concluded that although most 
of the evidence for amphib¬ 
ian declines was anecdotal, 
the sheer number of widely 
dispersed informal reports 
indicated that the situation 
could be an environmental 
emergency, and that an inter¬ 
national working group 
should conduct a full scien¬ 
tific investigation. 

By the end of the year, after 
approaching several potential 
sponsors, Wake created the 
Declining Amphibian Popula¬ 
tions Task Force (DAPTF) under the aegis of the Species Sur¬ 
vival Commission of the World Conservation Union, an 
international organization comprising more than 500 envi¬ 
ronmental groups including the U.S. Fish and Wildlife Ser¬ 
vice and the U.S. National Park Service. Based at the Open 
University in Milton Keynes, England, the task force 
recruited more than 1,200 scientists to determine whether 
declining amphibian populations will simply rebound as 
part of some normal cycle or whether they truly are disap¬ 
pearing from the face of the earth. 

Why We Care about the Victims 

One reason so many amphibian biologists were eager to join 
the task force was simply because they were worried they 
might be losing their objects of study. But they were 
even more concerned for other reasons 
that everyone can appreci- 


Are amphibian declines permanent 


was scheduled to take place later that year in Canterbury, 
England. So Wake seized the opportunity to discuss his dis¬ 
turbing observations with other herpetologists. What he dis¬ 
covered, to his dismay, was that many of the attendees had 
witnessed the same phenomenon in scattered areas around 
the globe. 

Wake took their reports and his own to the next meeting 
of the National Academy of Sciences Board of Biology, to 
which he belonged, and convinced its members to assemble 
a group of leading international amphibian experts to eval- 


Timothy R. HALL1DAY is the international director and W. Ronald 
Heyer is chair of the Declining Amphibian Popidations Task Force, based 
at the Open University in Milton Keynes, England. 


ate. The first is the ethical consideration that amphibians 
have the right to exist. If people are responsible for amphib¬ 
ian disappearances, then people have a moral obligation to 
prevent them. Most religious traditions assign value to all 
living organisms. Even Judeo-Christianity, which espouses 
that humans are a special creation of God and are given 
dominion over the rest of the living organisms on earth, 
teaches that this relationship should be a stewardship, not a 
slaughter. 

Second, amphibians are fascinating organisms that inter¬ 
act in complex ways with each other and their environ¬ 
ments. Consider the life history of the Central American 
strawberry poison frog Dendrobates pumilio. At the begin¬ 
ning of their reproductive cycle, males call for females from 
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Valuable biological 

INFORMATION IS FOR¬ 
FEITED FOREVER WHEN 
THE EARTH LOSES UNIQUE 
CREATURES SUCH AS 
THE STRAWBERRY POISON 
FROG (NEAR LEFT), 

WHICH TRANSPORTS 
NEWBORN TADPOLES ON 
ITS BACK, OR THE GASTRIC 
BROODING FROG 
(FAR LEFT), WHICH 
HATCHES EGGS IN 
ITS STOMACH. 
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perches on the tropical forest floor. After mating, the female 
lays her eggs in the forest’s leaf litter. The father then revis¬ 
its the eggs and keeps them moist with bladder water. When 
the eggs hatch into tadpoles, the mother carries them on 
her back and deposits each one into a tiny pool of water, 
often dew that collects at the base of bromeliad leaves. 
Because there is seldom enough food for even a single tad¬ 
pole in these pools, the mother revisits each one every few 
days and lays an unfertilized egg for her offspring to eat. 
As the frogs mature, they synthesize poison toxins in their 
brightly colored skin from compounds found in the native 
arthropods on which they feed. If such frog species disap¬ 
pear, we lose valuable information about life on earth. 

Third, amphibians may provide direct benefit to humans. 
One example is the gastric brooding frog, Rheobatrachus 
silus, of Queensland, Australia. After the female’s eggs are 
fertilized, she swallows them and uses her stomach as a 
brood pouch, somehow switching off her digestive 
enzymes during the incubation period. Knowl¬ 
edge of such an enzyme-suppression mech¬ 
anism might have proven helpful 
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to people suffering 
from gastric ulcers. Unfortu¬ 
nately, while these and other biological 
aspects of R. silus were being investigated, the species dis¬ 
appeared from its natural environment, and all specimens in 
the laboratory died. For a rough idea of what we’d be miss¬ 
ing if many such species disappeared, consider some benefits 
that have already been realized, including a pain killer 
recently derived from poison-frog toxins and a nonirritating 
vaginal cream made from frog skin that prevents pregnancy 
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and protects against sexually transmitted diseases ( see “All 
Natural AIDS ProtectionI” TR August/September 1996). 

The fourth and primary reason that the task force was 
established is that amphibians are important indicators of 
general environmental health. Because most amphibians 
have a biphasic life cycle—they spend their early stages in 
water and their adult life on land—and have extremely thin, 
permeable skin, any changes in either aquatic or terrestrial 
environments may significantly affect these creatures. Thus, 
amphibians may provide early warnings of deteriorating 
environments that appear unaltered to human perception. 

Gathering Evidence 

A concerted effort by the enlisted scientists has provided us 
with far greater documentation of amphibian decline than 
we had in 1990 when the task force was formed. One sus¬ 
picion that researchers confirmed is that most amphibian 
declines and disappearances are directly related to habitat 
modification. Furthermore, when the habitat change is dra¬ 
matic, so are the effects. For example, in the United King¬ 
dom, where many—in some areas 80 percent—of breeding 
ponds have been filled in over the past 50 years, all 
six native amphibian species have suffered 
dramatic population declines. Else¬ 
where, along a well-studied 
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area on • 

Volcan Tajumulco, the 

highest mountain in Guatemala, only 

1 of 8 species of salamanders was able to survive after 

cattle ranchers converted the upper cloud forest zone into 

grazing pastures. Herpetologists also discovered that seem- 


PHOTO ABOVE LEFT: M.J.TYLER 


TECHNOLOGY REVIEW 59 







Golden toads (near 

RIGHT) HAVE COM¬ 
PLETELY DIED OUT 
DESPITE COSTA RICA’S 
EFFORTS TO PRESERVE 
MORE THAN 25,000 
HECTARES OF PRISTINE 

habitat. Similarly, in 
Yosemite National 
Park, home to numer¬ 
ous species such as 
the Mount Lyell Sala¬ 
mander (FAR RIGHT), 44 
OF 70 VIRGINAL SITES 
ONCE ABUNDANT IN 
AMPHIBIANS ARE NOW 
ENTIRELY DEPLETED. 
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ingly modest changes in habitats can also have profound 
effects. For instance, to the casual observer, it would appear 
that the arroyo toad (Bufo microscaphus californicus), 
whose habitat now exists entirely within uninhabited parks 
in California, is well protected. But the major streams that 
fed the best breeding sites have been dammed, and what 
remains of the stream bed plains is now being overrun by 
all-terrain sport vehicles. Because the larvae cannot live in 
the silty conditions that result from these modifications, toad 
populations have decreased alarmingly. 

Perhaps the most disturbing finding, however, is that 
amphibian declines are occurring in diverse locations in rel¬ 
atively undisturbed habitats. Consider the following cases: 

In Australia, herpetologists have known since the late 
1970s that populations of R. silus, the gastric brooding frog, 
were declining in pristine sites. After learning at the First 
World Congress of Herpetology that the decline might be 
symptomatic of a worldwide problem, the Australians 
launched a campaign to inventory all known amphibian 
localities throughout their rainforests, and to initiate long¬ 
term monitoring programs in some key areas. The 
researchers had since counted 14 frog species from remote 
habitats whose once-abundant populations had either com¬ 
pletely vanished or had been reduced to only a few frogs. 

In California, biologists Charles Drost and Gary Fellers, 
both of whom are now with the U.S.Geological Survey, 
devised a clever approach to evaluate the status of amphib¬ 
ian populations in Yosemite National Park. Using extensive 
field notes of biologists Joseph Grinnell and Tracy Storer— 
who recorded detailed descriptions of the area’s amphibian 
breeding sites between 1915 and 1919—Drost and Fellers 
were able to reassess the amphibian populations at the same 


sites. The fact that the researchers were able to relocate every 
site proved that no obvious change had occurred in the habi¬ 
tat during the intervening 75 years. Sadly, they also found 
that most of the amphibians were gone: whereas Grinnell 
and Storer counted 7 different amphibian species at 70 loca¬ 
tions, Drost and Fellers could now find only 4 at 26 sites. 

The elfin forests on the ridge crest at Monteverde, Costa 
Rica, have witnessed perhaps the most notorious disappear¬ 
ance of an amphibian population from an undisturbed habi¬ 
tat—that of Bufo periglenes, the golden toad. Among the 
world’s most colorful amphibians, the brilliant golden males 
differ dramatically from the equally flamboyant black, red, 
and yellow females. Largely because of their spectacular 
beauty, golden toads—known to science only since the 
1960s (although the Quakers who colonized the Mon¬ 
teverde area were aware of their existence before then)— 
served as the focus of concerted efforts to conserve the local 
habitat. In fact, a golden toad is depicted on the same sign 
with a panda to mark the entrance to a 328-hectare preserve 
established in 1972 by the Tropical Science Center of Costa 
Rica and the World Wildlife Fund for Nature. Later endeav¬ 
ors by other conservation groups tripled the size of the pre¬ 
serve to 10,500 hectares and finally more than doubled it 
again by adjoining it to the 16,000-hectare Children’s Inter¬ 
national Rainforest. 

Despite these conservation efforts, the golden-toad pop¬ 
ulation crashed in 1988. During April and May of 1987, 
“more than 1,500 toads gathered to mate in temporary 
pools at Brillante, the principal known breeding site,” 
report biologists Martha Crump and Alan Pounds, in the 
March 1994 issue of Conservation Biology. “But in 1988 
and again in 1989, only a single toad appeared at Brillante, 
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and a few others gathered 4 to 5 kilometers [to the south¬ 
east]. During 1990 to 1992,” the researchers note, “despite 
our intense surveys, no golden toads were found.” Nor 
have any been seen since. 

14 In Puerto Rico, researchers have discovered that two 
species, including Eleutberodactylus jasperi —one 
of the world’s few viviparous frog species 
(which, like mammals, produce 
live young instead of 
eggs)—have apparently 
become extinct though 
their habitat still appears 
suitable. 

t'4 In Ecuador and Vene¬ 
zuela, eight species have been 
reported absent from the cloud 
forests of the An d e s moun¬ 
tains. One genus in par¬ 
ticular, the Atelopus, was 
once incredibly abun¬ 
dant (researchers could 
collect hundreds in an 
hour). But in 1990, 
Enrique LaMarca, a biolo¬ 
gist at the University of the 
Andes in Venezuela—having spent 
more than 300 hours during 34 separate field trips searching 
for the frogs—reported finding only one specimen of A. 
mucabajiensis and two A. soriani. Another species in the 
genus, A. oxyxrhynchus, which LaMarca reported observing 
walking by the dozens on the forest floor, has not been seen 
since 1978. 

In the Atlantic Forests of southeast Brazil, specif¬ 
ically at a well-studied site in Boraceia, Sao Paulo, 
seven common amphibian species disappeared in 
1979. The site has since been revisited numer¬ 
ous times by several herpetologists including 
Jaime Bertolucci, a doctoral student at the 
University of Sao Paulo, who conducted an 
intensive year-long study of the ecology of 
tadpoles. But none of the species that dis¬ 
appeared in 1979 have ever been found. 

Similarly well-documented studies have 
found amphibian disappearances or 
declines from relatively undisturbed habi¬ 
tats elsewhere in these and other regions, 
including the U.S. Rocky Mountains and 
the Cascade Mountain Range in Washing¬ 
ton, Oregon, and California. 


gin environments. The challenge, therefore, is no longer merely 
to preserve habitat, though that is still a vital task. We must also 
discover and address the less obvious reasons for the demise of 
these creatures as well as determine what fate they might portend 
for other species, including ourselves. 

Prominent among the suspects thought responsible for 
declining amphibian populations, at least in specific locales, 
include agricultural chemicals and pesticides. In many parts 
of the world, certain amphibian species have thrived in agri¬ 
cultural areas, taking advantage of artificial water bodies 
used for irrigation and watering livestock. But the chemicals 
found in farmland breeding sites interfere with normal 
amphibian development. Michael Tyler, a biologist at the 
University of Adelaide in Australia and a board member of 
the Declining Amphibian Populations Task Force, explains 
that the problem with some herbicides is not the active ingre¬ 
dient itself, for example glyphosate, but rather a detergent 
additive that acts as a dispersant or wetting agent. The deter¬ 
gent breaks down the surface tension at the leaf surface to 
enable spray droplets to completely cover the leaf. However, 
the agent also interferes with respiration in frogs through the 
skin and even more so with respiration of tadpoles through 
gills. Michael Lannoo, a biologist at Ball State University, 
also points out that some pesticides such as methoprene (used 
for mosquito control) break down into a compound resem¬ 
bling retonic acid, which has been shown in the laboratory 
to produce severe amphibian limb deformities that would ren¬ 
der individuals incapable of escaping predators. 

Other pollutants under 
investigation are 


What’s most 
troubling 


is 


that 

amphibians are 

vanishing 

in seeming! 


Possible Suspects 


undisturbed 


Though more work must be done to plug the gaps in our 
knowledge of amphibian declines, these studies allow us to 
draw an important conclusion: amphibian populations, in far- 
flung locations, are indeed disappearing even in seemingly vir- 


habitats. 
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being blamed for more regional amphibian declines. Among 
the leading culprits for these losses may be acid rain. In fact, 
researchers have found that almost all amphibian eggs or 
larvae tested so far cannot survive in water with a pH of 
less than 4.5. Yet acid rains, commonly in the 3.5 range, 
can lower the pH of ponds and streams from a normal aver¬ 
age of about 7.0 to lethal levels. In fact, acid rain has been 
identified as a cause of amphibian declines in lakes and 
ponds in Canada, Scandinavia, and Eastern Europe. 

Chief among the candidates likely to be responsible for 
amphibian declines on an even wider, perhaps global, 
basis is ozone depletion. Recent studies in Oregon have 
shown that rising levels of ultraviolet-B (UV-B) radiation 
resulting from the depletion of the earth’s ozone layer 
have undermined the hatching success of eggs in some 
native amphibian species. The researchers suggest that 
other amphibians most likely to be affected by increased 
UV-B radiation—which, at elevated levels, breaks down 
the DNA molecule—are those living at cooler, higher ele¬ 
vations and extreme latitudes, where the ozone layer is 
thinnest but where amphibians must bask in the sunlight 
to regulate body temperature. 

Environmental estrogens may also be responsible for 
global declines. Researchers believe that these pollutants, 
which result from the chemical breakdown of pesticides 
such as DDT, are likely to severely affect the reproduc¬ 
tive biology of amphibians, as they have been shown to do 
in other aquatic organisms, such as fish and alligators. In 
fact, in laboratory studies, Tyrone Hayes, an endocrinol¬ 
ogist at the University of California, Berkeley, found that 
such environmental estrogens masculinized female 
Japanese tree frogs, Buergeria buergeri, and feminized 
male pine woods tree frogs, Hyla femoralis, causing both 
populations to become sterile. These estrogens, whose 



molecules do not break down easily 
in the environment, stockpile 
in silt on the bottoms of 
ponds and lakes, where 
they are ingested by 
bottom-feeding am¬ 
phibian larvae. Some of 
these agents are effective 
in very small concentra¬ 
tions and are easily wind- 
borne, making them a global 
threat regardless of their point of origin. 


Inconclusive Evidence 


We must conduct more research to determine which, if any, of 
these factors are responsible for declining amphibian popula¬ 
tions in relatively pristine habitats. One approach would be to 
compare undisturbed sites where amphibian populations are 
healthy to similar habitats where the populations are in seri¬ 
ous decline. One such grouping exists in the Andes mountains 
in Ecuador, Colombia, and Venezuela. While amphibians 
continue to thrive in high-elevation habitats in Colombia, they 
have disappeared from virtually identical habitats in Ecuador 
and Venezuela. Might something as straightforward as intro¬ 
ducing predators such as trout into the waters of Ecuador and 
Venezuela, but not Colombia, be responsible? Or might atmo¬ 
spheric transport of agricultural chemicals applied in low¬ 
land regions of Ecuador and Venezuela be causing problems? 
An elegant set of comparative studies and experiments could 
be designed to address such questions at these and other 
promising groups of undisturbed sites in lowland and cloud 
forest habitats of Africa, South America, southeast Asia, and 
Madagascar. 
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Western toads that 

CONTRACTED THE 
NORMALLY NON-FATAL 
“RED LEG” DISEASE 
ALL BUT COMPLETELY 
DIED OUT IN COL¬ 
ORADO’S Elk moun¬ 
tains. Researchers 

CONCLUDED THAT THE 
IMMUNE SYSTEMS OF 
THE TOADS HAD BEEN 
COMPROMISED BY ONE 
OR MORE ENVIRON¬ 
MENTAL STRESSES. 


Another approach would 
include studies aimed at rejecting 
regional or global factors as causes 
of amphibian declines. Most 
research has tried to verify the link 
between reduced frog populations 
and factors such as high UV-B 
concentrations. But some studies 
suggest that UV-B, as a single fac¬ 
tor, is not responsible for all 
amphibian declines, since several 
species, such as the golden toad of 
Costa Rica, are never exposed to 
the sun’s ultraviolet rays. In fact, 
golden toads lived underground 
all year long, except for a few days 
at the end of the dry season when 
they emerged to breed. But even 
then they were protected under 
the canopy of Monteverde’s elfin 
forest, which (even though short 
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by tropical lowland standards) effectively filters out the 
ultraviolet radiation. Moreover, because females chose to 
lay their eggs in well-shaded pools, the now-extinct 
golden toads were never exposed to UV-B even as eggs 
or larvae. 

Such an analysis doesn’t mean that rising UV-B levels 
are not killing off amphibians elsewhere. In fact, studies of 
amphibians exposed to such radiation are under way in the 
mountains of Chile and Argentina. It does, however, suggest 
that no single factor may be responsible for all declines. 
Perhaps more significant, the analysis also raises the possi¬ 
bility that more than one factor may be at play at each loca¬ 
tion. For example, if an amphibian population is subject to 
sublethal stresses from habitat fragmentation and acid rain, 
might it be more likely to succumb to an additional stress 
from some regional or global factor such as climate change 
or estrogen mimics? 

Some research shows that such scenarios are possible. A 
study of the western toad Bufo boreas, common to the Elk 
and West Elk Mountains of Colorado, serves as one exam¬ 
ple. Cynthia Carey, a biologist at the University of Col¬ 
orado, who began studying these toads in 1974, discovered 
that they had contracted “red leg” disease, a normally non- 
fatal illness caused by Aeromonas bydrophila, a naturally 
occurring bacterium. Over the next eight years, Carey found 
that the toads, once common in the mountains, had almost 
completely disappeared. Eler conclusion was that some envi¬ 
ronmental factor, or the synergistic effects of several fac¬ 
tors, may have caused the toads to secrete elevated levels of 
hormones that compromised their immune system and led 
to their infection and eventual death. 

Studies such as these demonstrate that the underlying 
causes of amphibian declines may be far more complex 
than anyone originally imagined. Thus, studies that 
examine possible synergistic effects and help us tease out 
the relative contribution of each must be among our 
research priorities. 


Interim Recommendations 

Though much research lies ahead, we can take some practi¬ 
cal steps immediately to halt the decline of amphibian pop¬ 
ulations. Perhaps the most obvious is to preserve remaining 
amphibian habitats. One novel approach would be to con¬ 
sider the health of amphibians in environmental impact 
assessments. In fact, this practice proved highly successful at 
a highway-construction site in British Columbia recently. 
Typically, whenever highways are built in the forested Cana¬ 
dian province, workers create roadside ditches and scour 
them of all vegetation. But in this case, thanks to a herpetol¬ 
ogist included on the environmental-impact study team, the 
road builders added parts of fallen trees to the ditches, 
enabling native amphibians to use them as breeding sites. 

Another simple but valuable step would be to consider 
amphibians in environmental assessment programs as 
bioindicators of overall ecosystem health. Because the eggs 
of many amphibians lack a protective covering and are laid 
at or near the surface of a body of water, they are very sen¬ 
sitive to both air- and water-borne pollutants. Also, because 
the climatic factors typically determine the onset, duration, 
and intensity of amphibian mating activity, careful monitor¬ 
ing of breeding populations can provide an extremely sen¬ 
sitive assay of climate change. 

Finally, the latest findings regarding causes of amphibian 
declines need to be communicated both to international 
policymakers, who are in a position to set research priorities 
and fund additional studies, and to the public at large, 
which can influence their decisions. Americans are now 
much more aware of issues concerning amphibians than 
they were even a decade ago, thanks in large part to a num¬ 
ber of excellent television documentaries that have focused 
on dwindling amphibian populations. But scientists and 
the media must continue to spread the word to convince 
people around the world that these precious creatures are 
worth their concern. 






Letters 

Continued from Page 9 


I suggest two alternative approaches to 
lightweight cars. First, make cars smaller. 
Since most commuters drive to work 
alone, they don’t need to haul a six-pas¬ 
senger vehicle along with them. A better 
choice would be a car that seats one or 
two, weighs half as much as today’s small¬ 
est car, gets more mileage, and pollutes 
less—simply because it is smaller. This car 
would not be the only one in the garage for 
most families, but it could become the 
commuter vehicle. 

My second suggestion is even simpler: 
drive less. When traffic is at a standstill, 
the weight of the car is irrelevant; every¬ 
one is getting zero miles per gallon while 
continuing to pollute the air. 

Such efforts to reduce fuel use and pol¬ 
lution will not result from the work of 
engineers but from that of policymakers. 
Until car owners pay for the privilege of 
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polluting the air, they will have no incen¬ 
tive to buy lighter cars or to drive less. 

Dave McClelland 
Duluth, Ga. 

The authors reply: 

For the most part, the preceding letters 
offer useful additional information. We 
appreciate that the writers corrected errors 
in the text, most notably the relative densi¬ 
ties of aluminum and steel. While this un¬ 
fortunate typographical error got past us, 
the analyses we presented are based upon 
the correct densities of the two materials. 

As for the comments regarding our con¬ 
clusions, we are by no means suggesting 
that the automobile industry is either 
obstructing the development of or afraid to 
employ advanced materials and manufac¬ 
turing technologies. Our experience mir¬ 
rors that expressed in the letters: the indus¬ 
try is unquestionably willing and ready to 
pursue technological opportunities that 
offer improvements to their product. 
Nonetheless, mass production does impose 
strict requirements on manufacturing tech¬ 
nologies that can limit the economic feasi¬ 
bility of using advanced materials in auto¬ 
mobiles, regardless of the economic advan¬ 
tage in other products. 

We do not agree that the aggressive 
approaches advocated by the Rocky 
Mountain Institute (RMI) are within reach 
of today’s mass-production manufactur¬ 
ers. Note the following: 

■ In-mold technologies for developing 
Class-A finishes in fiber-reinforced materi¬ 
als require high processing pressures and 
long cycle times to produce large parts. 
These lead to expensive automotive parts, 
even if the yields are very high. 

■ Electron-beam techniques that acceler¬ 
ate the curing rates of reinforced composite 
systems have been demonstrated for very 
small pieces. Applying this technology to 
large parts requires expensive equipment 
with long processing times. 

■ Much has been made of our contention 
that carbon fiber costs $20 per pound. 
RMI itself has cited industry estimates that 
annual fiber demand has to increase to a 
level equal to three or four times the 
world’s current carbon-fiber production 
capacity (not merely demand) to achieve 


their targeted cost of $5 per pound. More 
importantly, it is the limitations of part- 
production technology, which we believe 
are more realistically presented in our anal¬ 
ysis, that yield the cost premiums we cite. 

R&D is unquestionably based on the 
notion of “one’s reach exceeding one’s 
grasp.” Aggressive goals can spur substan¬ 
tial improvements in automotive technol¬ 
ogy. But irresponsible cheerleading for pre¬ 
posterous targets can result in gross mis¬ 
application of R&D resources and 
unrealistic expectations, which damage the 
image of those who are, in fact, working 
hard to improve the performance and reli¬ 
ability of today’s automobile. 

A Bird in the Hand 

In “Ehrlichs’ Fables” (TR January 1997), 
Paul R. Ehrlich and Anne H. Ehrlich de¬ 
scribe as fables several prevailing notions 
that all is well with the environment. 
However, the authors’ attempt to ad¬ 
vance their premise is thwarted by the 
accompanying illustrations of ostriches 
in storybook-like scenes. 

Let me explain. I raise ostriches. While 
cattle require seven pounds of feed to pro¬ 
duce one pound of red meat, ostriches yield 
the same prod¬ 
uct on only three 
pounds of feed. 
China is import¬ 
ing ostriches to 
produce meat. 
Why then, when 
the authors con¬ 
tend that we must 
eat grains rather than meat, are ostriches 
associated with environmental fables 
when they can be part of the solution? 

The authors also observe that we are 
running out of space for producing food. 
Consider that ostriches do not require the 
arable lands used for raising plants for 
human consumption. Being omnivores, 
ostriches can exist on wastelands and eat 
the available roots, berries, and weeds. 
They can travel long distances without 
water; struthio camelus, the Latin name for 
ostriches, literally means “camel bird.” 

K.D.Turnball 
Littleton, Colo. 

Continued on page 70 



64 MAY/JUNE 1997 





















The National Interest 


funny thing happened on the way 
to the Diplomatic Conference on 
Intellectual Property Rights in 
Respect of Databases held last 
December in Geneva. Dull stuff? Perhaps, 
but it cloaks a major challenge to the 
integrity of science. This treaty was one of 
three intellectual property rights agree¬ 
ments considered by the World Intellectual 
Property Rights Organization (WIPO). 
Unprecedented actions of the scientific 
community, however, successfully blocked 
it from taking effect. 

At issue was the fair use of databases 
for scientific research and education. Free 
and open exchange of scientific data, after 
all, is considered the lifeblood of scientific 
research. The treaty would have led to a 
clash between the protection of the public 
good and the protection of private intel¬ 
lectual property. Had the draft treaty been 
approved, it would have extended the pro¬ 
tection of intellectual property rights well 
beyond those provided by present copy¬ 
right laws and treaties, in a way that 
would have spelled trouble for scientific 
research and education. 

Present copyright law permits the use 
of private databases for the advancement 
of research and education, which are con¬ 
sidered public goods. Thus, browsing 
databases on the Internet for research or 
educational purposes now requires no 
compensation to the database creator. Sci¬ 
entists and educators routinely extract 
information from maps, for instance, and 
from graphs displaying the geographical 
distribution of variables such as ocean 
temperature. 

The proposed treaty, however, lacks 
any such provision. Use of a private data¬ 
base would be banned—or at least require 
payment to the database owner. And 
because property rights in data could be 
extended for an indefinite period merely by 
some minor change in format, the treaty 
would provide, in effect, for the perpetual 
protection of databases. 

The ambiguously worded treaty would 
apply to all privately generated data “that 
represent a substantial investment.” The 
director of the National Library of 
Medicine expressed concerns that under 
the treaty anyone could download publicly 
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nity has banded 
together to head off an 
intellectual property 
treaty that would have 
seriously hampered the 
conduct of researchers 
and educators. 
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available data on the human genome, 
and—by making minor changes such as 
affixing dates—claim property rights. 

Commercial enterprises understandably 
want to protect their investments in data 
collection and compilation. Such data are 
assembled in many cases at great expense, 
and, in a digital age, control of the infor¬ 
mation’s distribution is slipping beyond the 
owner’s control. But such protection could 
go too far: a database owner would cer¬ 
tainly be tempted, under this treaty, to 
invoke its property rights and thus require 
anyone who tapped into the database on 
the Net to pay for the privilege. 

As the Geneva WIPO conference 
loomed, scientific organizations made a 
stand against the treaty. The National 
Research Council called the proposed 
changes “antithetical to the principle of 


the full and open exchange of data.” The 
presidents of the National Academies of 
Sciences and Engineering and the Institute 
of Medicine wrote to senior government 
officials expressing their concerns. The 
American Association for the Advance¬ 
ment of Science (AAAS) convened a con¬ 
ference on the problem and asked the U.S. 
government to delay initialing the treaty. 
The AAAS focused on critical fields of sci¬ 
ence, such as geophysics, where the free 
and open exchange of environmental data 
might be severely restricted. This is hap¬ 
pening now with meteorological data gen¬ 
erated in Europe; governments there have 
already adopted provisions similar to those 
of the proposed treaty and have put strict 
limits on the transmission of their data to 
third parties. The Association of Research 
Libraries weighed in too, as did various 
universities and professional societies. 

Once alerted to the implications for sci¬ 
ence, government officials were quick to 
voice their views. The director of the 
National Science Foundation expressed 
dismay that the scientific community had 
not been consulted on a treaty with such 
large ramifications for research. Under Sec¬ 
retary of State Timothy Wirth joined the 
fray, as did the director of the Office of Sci¬ 
ence and Technology Policy, the adminis¬ 
trator of the National Oceanic and Atmo¬ 
spheric Administration, and senior officials 
of the National Institutes of Health. As a 
result of these objections, the treaty’s sign¬ 
ing has been put off. Researchers and edu¬ 
cators now have an opportunity to shape 
the U.S. position and obtain a text more 
congenial to their interests. 

There is a lesson in this experience. Act¬ 
ing in unison, the scientific community 
can have a powerful influence on matters 
that affect research. More than 200 years 
ago, John Philpot Curran enunciated the 
principle that “eternal vigilance is the 
price of liberty.”As this episode demon¬ 
strates, the same can be said of the 
integrity of science. ■ 


ROBERT M. WHITE, president emeritus of the 
National Academy of Engineering, is senior fellow 
at both the University Corporation for Atmo¬ 
spheric Research and the H. John Heinz III Cen¬ 
ter for Science, Economics, and the Environment. 
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HE widespread exhilaration about 
the Internet, cyberspace, and the 
§1 global economy must seem puz¬ 
zling to those who live in rapidly 
decaying neighborhoods of America’s 
inner cities. As measured by levels of illit¬ 
eracy, unemployment, crime, drug abuse, 
and violence, today’s high-tech miracles 
have brought few benefits to those mired 
in urban poverty. If the power of digital 
technology is as marvelous as its advocates 
proclaim it to be, then why has it done so 
little for those in most desperate need? 

In scattered but highly promising efforts 
around the country, people of good will 
are beginning to address this problem, 
forging links between low-income commu¬ 
nities and the realm of networked comput¬ 
ing. I recently visited one such site: the Ark, 
an arts and literacy center in a decaying 
section of Troy, N.Y. Located in the 
ground floor of a decrepit nine-story public 
housing block, sustained by donated time 
and materials, the Ark offers some 150 
boys and girls from poverty-level homes 
after-school programs in reading, music, 
painting, pottery, and homework help. 

Two years ago a group of professors 
and students from Rensselaer Polytechnic 
Institute—artist Branda Miller, architect 
Frances Bronet, and grad student Ann 
Sundberg—organized a class on Social 
Spaces and Electronic Installation, using 
grant money to connect the Ark to the 
World Wide Web. They set up computers 
and modems and taught the boys and girls 
the HTML programming language that is 
used to create interactive pages on the 
Web. With these tools in hand, the kids 
put together a Web site filled with their 
photos, drawings, poems, biographies, and 
editorial comments. 

The experiment flourished from the 
start, involving dozens of kids in projects 
both lively and fruitful. As part of the plan, 
the RPI team created a regional network 
called WYRED (for Wired Youth in Rens¬ 
selaer County Every Day) connecting the 
mainly African-American and Latino chil¬ 
dren of the Ark to students at two mainly 
white suburban schools. At special work¬ 
shops, the children of the Ark taught their 
suburban colleagues how to write their 
own Web pages. Another event entailed 
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planning a dinner for homeless people in 
Troy, and placing the children’s recipes on 
the Net along with photos of the feast. 
More recently some of the Ark’s older 
boys and girls have started Sparks, an elec¬ 
tronic ’zine with a hard-hitting first issue 
on money—an interesting topic for kids 
who have so little of the stuff to spend. To 
find these musings, tune your Web 
browser to www.rpi.edu/dept/iear/wyred/ 
spzine.html. 

The projects at the arts center in Troy 
have succeeded not because they flaunt the 
big magic of the computer but because they 
embody a strong, well-tested vision. The 
Ark was organized two decades ago by its 
two devoted codirectors, Mary Theresa 
Streck and Jay Murnane, both former 
teachers, who decided to take action in 
response to what they describe as a “terri¬ 
ble storm” raging through the city. To this 
day, they liken their work to that of build¬ 
ing an ark, much like Noah’s, to help chil¬ 
dren “get through the storm to a better 


place.” In that light they view computers in 
roughly the same category as the kilns, 
wheels, books, art materials, and count¬ 
less hours of volunteer time people have 
donated over the years. All are pieces of a 
vessel at sail on perilous seas, one that tries 
to buoy youngsters who have so much 
stacked against them with a sense that they 
are competent, creative, and important. 

Evidence that the computerized Ark 
sometimes reaches its Mt. Ararat is dis¬ 
played in the autobiographical blank verse 
that the children have written and posted 
on the Web site. These poems express the 
kinds of hopes and dreams all kids have, 
but reading them one cannot help but 
notice signs of a dreadful predicament. Sev¬ 
eral children casually mention the menacing 
threat of violence nearby. Here, for exam¬ 
ple, is the poem of Ivan Garcia, age 10: 

Ivan: Lover of sports, mom, 

two brothers, sister 

Who feels Great, Happy, Good 

Who needs patience, attention, TV 

Who fears getting killed, bad grades, failing 

Who gives clothes, money, love 

Who would like to meet Michael Jordan 

and Scottie Pippen 

What matters is not so much that we can 
read Ivan’s poem on a primitive Web page. 
What matters is the process by which the 
poem was produced. It exemplifies the 
practice that Paulo Freire, in his classic 
work Pedagogy of the Oppressed, called 
overcoming “the culture of silence.” For 
here is a boy from a minority community, 
in a bombed-out neighborhood in Amer¬ 
ica’s Rust Belt, defying all odds to proclaim: 
“I am here! Listen world, I have something 
to say.” Surely, nothing on the Web is more 
significant or informative than this. 

Even if only a tiny fraction of the world 
will ever read Ivan’s poem, or those of his 
peers, the mere act of displaying such 
works on the Web confers a kind of recog¬ 
nition and implies respect from the world 
beyond Troy that these children rarely 
receive. What the Ark and children like 
Ivan are doing offers a model well worth 
replicating. ■ 


LANGDON WINNER teaches science and 
technology studies at Rensselaer Polytechnic 
Institute. He can be reached at winner@rpi.edu. 



66 MAY/JUNE 1997 


PHOTO: 1. BARRY HETHERINGTON 











J'ORUM _ 

By Jose Goldemberg and Hal Harvey 

Next Stop: The Electric Bus 


T he recent introduction of General 
Motors’s EV-1 electric car in Cal¬ 
ifornia and Arizona has gener¬ 
ated a great deal of attention: it 
is a high-tech, glamorous, sporty, clean 
machine, embodying more technological 
developments than any GM product in 
history. Perhaps more important, the 
electric car could, in time, finally help 
Los Angeles turn the corner on its battle 
to clean up the dirtiest air in the United 
States. What may not have occurred to 
most observers, however, is that electric 
vehicles (EVs) may have their greatest 
potential in developing nations, espe¬ 
cially those with densely populated and 
polluted cities. 

First, consider the need. Many devel¬ 
oping countries have serious balance-of- 
trade problems due to imported oil. In 
addition, the air-pollution problem in 
these nations is, literally, breathtaking. A 
World Health Organization study con¬ 
cluded that breathing the air in central 
Mexico City does as much damage to 
the lungs as smoking a pack of cigarettes 
a day. Other studies estimate that the 
city spends $1.5 billion per year to treat 
the additional cases of asthma, cardio¬ 
vascular illness, and cancer. The scene is 
similar in almost all the world’s mega¬ 
cities, such as Manila, Beijing, Bangkok, 
and Cairo. 

Some EV skeptics have argued that 
converting vehicles from gasoline to elec¬ 
tricity simply shifts the source of pollu¬ 
tion from the city to the power plant. 
But this is not true in developing coun¬ 
tries that rely heavily on hydropower—a 
nonpolluting, renewable resource. Latin 
America and the Caribbean derive three- 
quarters of their electricity from hydro; 
Brazil generates a full 94 percent of its 
power from hydro. By contrast, the 
United States obtains only 8 percent of 
its electricity in this way. Hydroelectric¬ 
ity does produce environmental prob¬ 
lems—primarily the loss of river habi¬ 
tat—but it cuts the emissions of local 
and regional air pollutants such as sulfur 
dioxide, nitrogen oxides, carbon 
monoxide, and other hydrocarbons. 
Hydro also adds no carbon dioxide to 
the atmosphere and thus does not con- 
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Third World megacities. 
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fleets to electric drive 
would yield healthier air 
and help jump start 
the EV industry. 


tribute to the threat of global warming. 

Even when electricity comes from fos¬ 
sil-burning plants, the potential to clean 
the air improves with a shift to EVs: it is 
easier to scrub a few dozen power plants 
than a million autos. More important, 
though, is the long-term potential to 
convert the electric generation fleet to 
renewable energy, as wind, biomass, and 
solar technologies drop in price. 

In the long run, the largest cities in the 
developing world cannot rely on the pri¬ 
vate automobile: even if the money were 
available or the outcome desirable, there 
is simply not enough physical space for 
autos for everyone. The vast fleets of 
buses that already provide transit in 
these cities may be the ideal platform for 
early EV technology. 

Buses run on fixed routes, so it is easy 
to select those that can operate on the 
limited range of today’s batteries, and 
recharge them at night when the load on 
the electric grid is low. When longer 
range is required, electric buses can be 
designed with battery packs that are easy 


to swap; one pack could be charging 
while the other was running the bus. 

Perhaps most important, buses are 
generally purchased in large quantities. 
Thus buyers could exert considerable 
influence on the technology and its price. 
Sao Paulo, Mexico City, and Manila 
each maintain some 10,000 buses. A typ¬ 
ical bus travels 200 miles a day, wearing 
out and needing replacement after three 
or four years. If a half-dozen megacities 
adopted a strategy of relying on electric 
buses, they could drive up world EV pro¬ 
duction to about 20,000 buses per year. 
At this volume, economies of scale could 
reduce production costs by half— 
thereby breaking through today’s 
chicken-and-egg problem of high costs 
and low demand. 

Aggressive introduction of electric 
buses in large Third World cities could 
provide an outstanding example of 
“leapfrog technologies,” whereby devel¬ 
oping societies skip some of the earlier, 
dirtier stages of industrial development 
and instead go straight to the more 
advanced, cleaner technologies. At least 
one country has opted for this approach. 
President Jose Maria Figueres Olsen of 
Costa Rica has identified electric vehi¬ 
cles—and buses in particular—as the 
core of such a strategy for his country. 
Electric buses will begin running in the 
capital city of San Jose this summer. 

Such a strategy will require two con¬ 
ceptual shifts. First, the mayors of large 
cities must realize that delivering clean 
air is as important as providing clean 
water, and that no city can be an eco¬ 
nomic competitor in the long run if its 
air is unfit to breathe. Second, these 
political leaders must be willing to look 
beyond conventional mop-up technolo¬ 
gies for private automobiles and instead 
directly pursue clean and inexpensive 
transit solutions. ■ 


JOSE GOLDEMBERG, formerly Brazil’s minis¬ 
ter of environment and secretary of science and 
technology, is a professor of physics at the Uni¬ 
versity of Sao Paulo. HAL HARVEY is president 
of the Energy Foundation, a San Francisco-based 
organization that promotes energy efficiency and 
renewable energy. 
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Opening Up a Dialogue 


Dealing with an Angry Public: The Mutual 
Gams Approach to Resolving Disputes 
by Lawrence Susskind and Patrick Field 
Free Press, $25.00 


BY STEPHEN D. SOLOMON 

T HE first hint of serious trouble 
at the nuclear power plant came 
in the early hours of the morn¬ 
ing, when instruments showed a 
problem with the coolant system. Engi¬ 
neers shut down the reactor, but the sit¬ 
uation still worsened. Two hours later, 
they declared a state of emergency, noti¬ 
fying state and federal authorities. As 
dawn broke on Three Mile Island that 
March day in 1979, a crisis began not 
only for residents of central Pennsylva¬ 
nia but for the nuclear power industry. 

Officials of Metropolitan Edison Co., 
the utility that owned the plant, wrote 
the textbook on how to mismanage a 
relationship with the public, according 
to Lawrence Susskind, professor of 
urban and environmental planning at 
MIT and director of the MIT-Harvard 
Public Disputes Program, and Patrick 
Field, a research associate at the Public 
Disputes Program. Key information 
was released slowly, and other informa¬ 
tion was simply wrong, they say in Deal¬ 
ing with an Angry Public: The Mutual 
Gains Approach to Resolving Disputes. 

The Three Mile Island story plays out 
again and again in disputes throughout 
the country. The authors examine a 
dozen or so conflicts that show just how 
commonly business and government 
leaders tend to brush off those who 
question or disagree. “Indeed, they 
attempt to blunt or undercut the public’s 
concerns by dredging up countervailing 
‘facts’ or rebuttals from pseudo-inde¬ 
pendent experts and unscientific polls,” 



Susskind and Field write. “They com¬ 
mit to nothing and admit to nothing. 
The public is often treated like an angry 
mob rather than as concerned customers 
or citizens with legitimate fears, con¬ 
cerns, and needs.” 

Arguing that negotiation with the 
public achieves better long-term results, 
the authors present a dispute-resolution 
strategy that they teach in the classroom. 
The “mutual-gains approach,” as they 
call it, relies on six principles, the first of 
which is that companies and govern¬ 
ment agencies must step back from their 
own self-interest and acknowledge early 
the concerns of all the contending stake¬ 
holders. The second requirement is that 
these companies and agencies engage in 
joint fact-finding with the public, work¬ 
ing together to gather and then analyze 
information. Corporations that opt 
instead to massage information behind 
closed doors, or refuse to share their 
data, lose credibility. 

Third, companies must offer firm 
commitments to compensate people if a 
planned course of action brings unin¬ 
tended consequences. “If a company or 
an agency promises that something will 
not happen, or cannot happen, they 
should stand behind that promise with 
a contingent offer of compensation,” say 
Susskind and Field. This approach, they 
point out, could help defuse many bat¬ 
tles over matters such as zoning. For 


example, a hospital intent on building a 
new parking garage should do more 
than just assure abutting homeowners 
that their property values will not 
decline. The hospital should invite the 
homeowners to submit appraisals of 
their properties—and then create an 
escrow account that would reimburse 
anyone who sells within a certain 
period of time and does not receive 
either the appraised value or whatever 
higher value others in the area have 
enjoyed. 

The fourth of the authors’ principles 
is that companies need to admit mis¬ 
takes and share power. In cases where a 
firm’s initial course of action is flawed, 
allowing the community to help change 
it is the surest way to achieve a better 
outcome. Fifth, companies should act in 
a trustworthy fashion—that is, they 
should not camouflage intentions. 
Finally, they should look beyond the 
next days or months and instead build 
long-term relationships. 

None of these admonitions are new, 
surprising, or particularly controversial. 
But are they followed in practice? Not 
often. The authors offer numerous 
examples of businesses or government 
agencies trying to steamroll their pro¬ 
grams through, only to find themselves 
stuck in the mud. 

Misreading the Mood 

For Walt Disney Corp., getting stuck 
meant abandoning a major venture three 
years ago. As the authors recount, Dis¬ 
ney promised that its project—a history 
theme park in the Virginia countryside— 
would create 12,000 jobs and produce 
more than $1 billion in tax revenues. But 
many people envisioned something quite 
different: major traffic jams, air and 
water pollution, and strips of run-down 
hotels and hot dog stands. More than 
200 historians also criticized the project 
because, they said, it would trivialize 
important aspects of American history. 

Unfortunately, the Magic Kingdom 
took little heed, relying on Mickey’s 
goodwill to carry the project through 
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approvals. “Instead of making only pos¬ 
itive projections,” Susskind and Field 
write, “Disney would have been better 
off providing a balanced assessment: 
pointing out the concerns of their crit¬ 
ics, suggesting how they intended to 
address them, and acknowledging that 
the involvement of those concerned 
might be necessary to help shape accept¬ 
able solutions.” 

In 1989, Hydro-Quebec, a large Can¬ 
adian hydroelectric utility company, 
similarly misread the public mood. The 
outcome was somewhat more serious, 
since the project in question, a massive 
effort to dam rivers and produce elec¬ 
tric power for export to the United 
States, was already under way. The first 
phase, which had started 16 years ear¬ 
lier, entailed payments of $231 million 
to the Cree and Inuit tribes for the right 
to develop portions of their land. The 
Cree, however, objected to the second 
phase of the project, because the dam¬ 
ming from the first phase had brought 
changes to their traditional way of life as 
well as serious environmental damage, 
such as mercury contamination of fish, a 
staple of the Cree diet. 

But Hydro-Quebec wasn’t listening, 
according to Susskind and Field. The 
utility and the Province of Quebec 
resisted environmental review until a 
Canadian federal court judge ruled that 
such review was required by law. And 
even then the utility stood firm instead 
of negotiating seriously with the Cree. 
“The utility was never able to admit that 
the Cree had any legitimate concerns,” 
say the authors, and in 1994, after 
demand for Canadian export of electri¬ 
cal power declined, the project, long 
stalled because of the conflict, finally 
died. 

What could the utility have done dif¬ 
ferently in handling its relationship with 
the Cree? The authors point to the need 
for intensive talks, especially where there 
existed such a vast cultural chasm be¬ 
tween the two sides. And the utility 
should have recognized that genuine 
negotiation with the Cree to restore the 
tribe’s well-being was more important 


than simply paying money to offset 
damages. 

While accounts like these are instruc¬ 
tive, one question that badly needs 
addressing is why firms are so reluctant 
to adopt the sort of approach Susskind 
and Field advocate. Part of the answer 
may be that from the perspective of 
many businesses, taking a hard line in 
response to public demands looks en¬ 
tirely rational. Justice Oliver Wendell 
Holmes recognized, in another context, 
the natural tendency of powerful groups 
to confuse power with wisdom and dis¬ 
miss all dissenting voices. “If you have 
no doubt of your premises or your 
power and want a certain result with all 
your heart, you naturally express your 
wishes in law and sweep away all oppo¬ 
sition,” he wrote in 1919. 

Moreover, with power comes the fear 
of losing it—and what executive wants 
to lose it all to a plaintiff’s lawyer? The 
problems at Three Mile Island must 
have sobered many corporations to their 
potential liability. Company executives 
think of such things and draw their wag¬ 
ons in a circle. 

If the authors’ ideas are to work, then, 
there must be some way to coax con¬ 
tentious parties into negotiations. Suss¬ 
kind and Field would have done well to 
explore practical ways to move dis¬ 
putants toward the mutual-gains 
approach they espouse. For instance, 
do we need new laws that would en¬ 
courage or require the use of alternative 
dispute-resolution techniques? Should 
local officials be trained in mediation? 
Even once a dispute ripens into a law¬ 
suit, finding common ground may still 
be possible. Some judges have vigor¬ 
ously promoted dispute resolution for 
lawsuits that have reached their court¬ 
house. Such measures are, at the very 
least, worth a try. Without them, exam¬ 
ples of successful compromises could 
remain like the sightings of an endan¬ 
gered species. ■ 


STEPHEN D. SOLOMON is an associate 
professor of journalism and mass com¬ 
munication at New York University. 
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for achieving your objectives. 

That's my job. I am a management con¬ 
sultant, specializing in change, and I have 
helped hundreds get out of that box and onto 
a more satisfying career and life path. 

Call me to explore what I can do for 
you. There’s no charge, no obligation, to 
explore. Don't wait. Call me now. 

Private programs. Also 
2-day weekend workshop 
(See page 69 for details) 

Riva Poor 

73 Kirkland Street 
Cambridge, MA 02138 
Telephone: (617) 868-4447 


Singles Network 

Single science & nature enthusiasts 
are meeting through Science Connection. 

For info call: 1-800-667-5179 
e-mail: 71554.2l60@compuserve.com. 


Elegant Houses & Condos 

• Cambridge, Belmont, surrounding areas. 

• Historic properties, river views, condos, investments. 
• Expert sales/marketing. Qualified buyer’s agent. 

• Referrals nationwide. • Discrete. 

Holly Compton Alderman 
(617)864-4430 
Coldwell Banker 
Hunnenian & Co. 

Cambridge 



Riva Poor. SM 
Management, 
MCP from MIT 


Inventions Upon Demand 

(Intellectual Propertv Creators) 

Group of MIT senior scientists with backgrounds from 
MIT, Raytheon, Technion, Battelle, etc. with proven track 
records and multidisciplinary backgrounds provide cus¬ 
tomized inventions to clients. If you need a product, we 
can invent it for you. Our team is responsible for 200+ 
new products and processes (most patented) in the mar¬ 
ketplace. Clients include several Fortune 500 and many 
small firms. We provide low or high tech innovative and 
proprietary solutions to difficult and “insoluble” prob¬ 
lems. Challenge us with your product wish list! 

Write: Invent Resources, Box 548, Lexington, MA 02173 
Tel.: 617-862-0200; Internet: rsilver@world.std.com 
Homepage: http://www.catalog.com/invent/ 



Still Learning from the Master 

Given that this year marks the 150th 
anniversary of Thomas Edison’s birth, I’d 
like to thank Technology Review for Seth 
Shulman’s elegantly written and timely 
“Unlocking the Legacies of the Edison 
Archives” (TR February/March 1997). As 
one of a team of scholars involved in unlock¬ 
ing the archives, I think 
your readers might be 
interested in the 
i breadth of work 
being conducted 
by visitors to the 
archives and by 
readers of the 
Thomas A. Edi¬ 
son Papers’ an¬ 
notated and fac¬ 
simile editions. 
While some might 
suppose that Edison’s papers are merely 
of biographical interest or appeal only to 
historians of technology, this has hardly 
been the case. Granted, the papers 
include logs of experiments and R&D 
records, but they also include informa¬ 
tion relevant today. For example: 

■ Scientists looked for evidence of bucky- 
balls in Edison’s early electrical studies. 

■ The recycling industry now applies 
Edison’s method of separating electri- 
cally-conductive nonmagnetic metals. 

■ Cognitive psychologists have studied 
Edison to better understand visual 
thinking. 

■ Sociologists have examined his setup 
of laboratory personnel to model 
human networks. 

■ Writers have used the papers to study 
the history of perception, the history of 
capital punishment in the United States, 
and the export of American popular 
culture around the world. 

Having published 162 reels of micro¬ 
film, we are presently working on the 
fifth volume of his papers and a digital 
edition. Part of the excitement of 
unlocking the archives is the certainty 
that our readers will continue to teach 
us what his legacies are. 

Professor Lisa Gitelman 
Thomas A. Edison Papers 
Rutgers University 
New Brunswick, N.J. 
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Phenomena 

**• By David Brittan »• 


Sooey Generis 

T his is David Brittan’s 
clone writing. It’s part 
of our new job-sharing 
arrangement. On alter¬ 
nate weeks, I will squeeze into 
his clothes (we are the same 
size—he squeezes into them too) 
and take over his duties—mostly 
playing with a Slinky while star¬ 
ing at a blank computer screen 
with not a thought in his head. 
And David will do my job, 
which consists of putting on 
weight while wallowing in barn¬ 
yard filth. Despite our common 
genetic makeup, David and I 
have traveled separate paths. He 
is a person. I am a pig. And I am 
about as well suited to the agri¬ 
cultural lifestyle as Eva Gabor 
on “Green Acres.” 

From my earliest days on the 
farm, I have always been seen as 
different. Other piglets would 
squeal derisively as I sat on my 
haunches in a corner of the sty, 
leafing through Jacqueline Su- 
sann, Hog Farmer’s Quarterly , 
whatever was lying around the 
compound. (A copy of Valley of 
the Dolls , long since returned to 
the bathroom reading pile up at 
the house, has a small cloven 
hoofprint on every page; I won¬ 
der if anyone notices.) Some¬ 
times, when there was nothing 
else to read, I would contem¬ 
plate the labels of empty feed 
bags. Synthetic lysine? Threo¬ 
nine? What is this stuff, and 
what is it doing in my swill? 
These are the Big Questions 
pondered by thinking pigs, of 
which I appear to be the only 
one. It is a sad commentary on 
the narrowness of the porcine 
worldview—or, as I’ve always 
wanted to say, Weltanschau¬ 
ung —that a pig who is not con¬ 
tent with the daily routine of 


grunt, guzzle, and wallow 
should be regarded as “poetic” 
or “sensitive” and shunned ac¬ 
cordingly. Pearls before swine, 
if you ask me. 

Actually, I haven’t a clue what 
other pigs think about, or any 
other farm animal for that mat¬ 
ter. Being a pig is not like Babe. 
It’s not like Charlotte’s Web. 
The vocabulary of my fellow 
swine is limited to snorts and 
squeals. Wise old 
sheep do not offer 
guidance or protec¬ 
tion. Motherly spi¬ 
ders do not em¬ 
broider words of 
encouragement in 
their webs; there’s 
nobody to call you 
“radiant” or “some 
pig.” When you’re a 
pig, especially a transgenic acci¬ 
dent like me, you’re on your own. 

True, his nibs drops by now 
and then, but I’m sure he visits 
more out of obligation than any 
real sense of kinship. David was 
the one who screwed up the 
cloning experiment in the first 
place. In spite of repeated warn¬ 
ings to wash his hands before 
giving blood, he just had to grab 
one more fistful of pork rinds. 
The contamination, shall we 
say, influenced the outcome. 
This strange commingling of 
DNA—the brain of a human, 
the body of some anonymous 
donor to the snack-food indus¬ 
try—makes me, strictly speak¬ 
ing, a “chimera,” not a clone. 
Had things gone right, that 
would have been me on the 
cover of Time rather than some 
woolly-brained ewe. But David 
has been a real pal and a decent 
enough provider. I will never 
forgive him. 

Do I sound bitter? Blame my 
environment: the herds of incon¬ 
tinent low-lifes, the prodding 


and shoving by farmhands, the 
inadequate reading material. 
David Brittan Hominidae has 
never been known to complain 
about anything, nor has he ever 
had cause to complain. David 
Brittan Suidae is a big whiner, 
and with good reason: I am a 
Mozart kind of pig in a Billy Ray 
Cyrus kind of world. 

David tries to soothe me by let¬ 
ting me vent about goings-on 
in the news. But 
this only brings up 
more bile. What 
did I think about 
cloning sheep? he 
asked me recendy. 
“Imagine that,” I 
snorted. “Sheep. 
Stripped of their 
individuality.” 
Well, then, what 
did I think about the debate over 
cloning humans? I told David I 
thought it proved a connection 
between genes and intelligence: 
when the subject is genes, people 
become blithering idiots. “But 
with all you’ve been through,” he 
said, “aren’t you glad the president 
banned human cloning?” I replied 
that I would feel better about it if 
the president’s policy were based 
on reason instead of on a private 
metaphysical muddle. 

Clinton’s rationale, I remind¬ 
ed David, was that human life is 
“born of a miracle that reaches 
beyond laboratory science.” 
This beautiful sentiment con¬ 
tained four shaky propositions, 
which, lacking fingers, I enu¬ 
merated on my feet: (1) sexu¬ 
al reproduction is a miracle, 
(2) reproduction through clon¬ 
ing is not a miracle, (3) protect¬ 
ing miracles is an appropriate 
role for government, and (4) the 
reproduction of other animals 
is not miraculous enough to re¬ 
quire government protection. “I 
ought to know hogwash when I 


see it,” I said. “But then, he’s the 
Rhodes scholar. I’m just a pig.” 

“You should write my next 
column,” David joked. 

“I’ve been meaning to talk to 
you about that,” I replied. “Look, 
old fellow. There you are, strut¬ 
ting around on two legs, meeting 
important people, sipping coffee 
in your private office. While here 
I am, covered with dung, waiting 
to be turned into bacon. How 
about a little equity?” 

Good sport that he is, David 
agreed to grant me some of the 
privileges of being human. He, 
in turn, would take over some 
of the responsibilities of being a 
pig. I gave David a crash course 
in the body English of swine. In 
exchange, he handed me every¬ 
thing he had ever written, in¬ 
structing me to absorb his jaunty 
style. “This ought to kill 15 min¬ 
utes,” I thought. I gave the thin 
sheaf of articles a careful read, 
and then ate them. 

What I didn’t tell David was 
that the threat of becoming 
bacon—the guilt card that caused 
him to take pity on me—had 
recently been lifted. Apparently 
the idea of serving a Schubert- 
humming philosopher pig along¬ 
side eggs and home fries raised 
serious ethical and moral ques¬ 
tions in the minds of my handlers. 
They have decided, as a matter of 
good taste, to let my genes diffuse 
among the swine population for a 
generation or two before they 
grace America’s table. No longer a 
meat pig, I have been reclassified 
as a breeding pig. Ho, hum, I can 
barely contain my excitement. 

Was it very bad of me to con¬ 
ceal this change of job descrip¬ 
tion from David? We’ll find out 
when he returns from his first 
week as a pig. My heavens, here 
he is now. Smells bad. Looks 
mad. Gotta go. Ubba-the, ubba- 
the, ubba-that’s all, folks.B 
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CAREERS 


Technology Review 
Career Classifieds and 

RECRUITMENT ADVERTISING 


ISSUE AND CLOSING DATES 


ISSUE 

RESERVATION DATE: 

PUBLICATION DATE! 

January 

October 28 

December 3 

Feb/Mar 

December 12 

January 19 

April 

February 1 

March 5 

May/June 

March 18 

April 19 

July 

May 1 

June 4 

Aug/Sept 

June 17 

July 19 

October 

August 1 

September 3 

Nov/Dec 

September 16 

October 18 


Display recruitment 
Advertising 

For rates and information contact: 

Martha Connors 
tel 617-253-8293 
fax 617-258-5850 

MCONNORS@MlT.EDt) 


RATES: $35 per line, 5-line minimum. 
(One line equals approximately 50 characters.) 

To submit a CAREERS classified ad, mail, fax, 
or email text and billing information to 
Technology Review Classifieds 
MIT Building W59-200 
77 Massachusetts Avenue 
Cambridge, MA 02139 
fax: 617-258-8778 

TRADVERT1SINC@M1T.EDU 

Include issue date and choose either the 
POSITIONS OPEN, POSITIONS NEEDED, MEETINGS 
or ANNOUNCEMENTS category. Technology 
Review will typeset the ad and provide you 
with a cost estimate. 


Visit TV’s Osiisk Cwsuit Cbster at 

http://web.mit.edu/techpeview/ 


All Career Classifieds and Recruitment Ads 
will appear on Technology Review’s 
World Wide Web Home Page for FREE. 


H A R M Q N I X 

The music is in your head. Let it out. 


Harmonix is an MIT Media 
Laboratory startup developing 
next-generation interactive 
music software. 

We are now recruiting talented 
developers with experience in 
C++, Windows and Macintosh 
application development, 
Internet technologies, and DSP. 



Mail or fax resumes to: 
Eran Egozy 

Harmonix Music Systems, Inc. 
675 Massachusetts Ave. 
Cambridge, MA 02139 
Fax (617) 491-7411 
or email to: 

eran@harmonixmusic.com 



Visit the TR 
Online Career 
Center 


for listings 
and links 
to a wide range 
of job-hunting 
resources 

http://web.mit.edu/techreview/ 



What do an ancient Roman 
god and a cutting edge com¬ 
puter company have 
in common? 

W hen their name is Mercury, it's an 
unparalleled ability to deliver vital 
information - accurately, reliably, and 
speedily. Whether you're talking about 
Mercury “The Messenger of the 
Cods" or Mercury Computer Systems, 
you’re talking about performance. 

We offer a competitive salary and comprehen- 


Mercury Computer Systems specializes in high-bandwidth, real-time 
processing solutions for applications as diverse as diagnostic medical 
imaging, signal intelligence, and digital video editing. The success of 
our high performance, heterogeneous, embedded multicomputing 
solutions is fueling dynamic growth. If you're ready for a career oppor¬ 
tunity in a creative, entrepreneurial, work/life friendly environment, 
explore a future with Mercury Computer—www.mc.com 

• Hardware Manager 

• Hardware Engineers* ASIC's 

• Systems Engineers, DSP/SP/IP 

• Software Product Managers 

• Software Engineers, RTOS/Test/ 

Language & Tools/NT/Networking 


sive benefits package. Send or fax your # Large Account Manager, 

resume to: Human Resources, Mercury Com- Medical Systems OEMs 


puter Systems, Inc., 199 RivemeckRd., Chelms¬ 
ford, MA 01824-2820. Fax: (508) 

256-1746 E-mail: weingarten@mc.com 
(Plaintext only) 

An equal opportunity employer 


• College Hires: Software/Hardware 
Technical Support 


Computer Systems, Inc. 


www.mc.com 


m m computer oysiems, 

Mercury 

The Ultimate Performance Machine 
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Yours- 


The Customer Data Management & Analysis Division at Fleet Financial Group 
seeks quantitative marketing professionals to join its growing staff. This division is responsible for 
database marketing and customer behavioral analysis associated with better understanding and 
servicing the 10 million consumers and over 250,000 small businesses that comprise Fleet’s cus¬ 
tomer base, employing a state-of-the-art data warehouse and associated analytical and marketing 
software. The company is a diverse financial services organization with assets of $85 billion with 
35,000 employees. A full range of financial services products, including consumer banking ser¬ 
vices, credit cards, investment services, and insurance brokerage are available to our customers. 


Opportunities exist in Target Marketing, Quantitative Analytics, Data Mining and Management Reporting, and 
Information Acquisition, Management, and Access. Compensation is competitive and will reflect incumbent’s skill level 
and experience; in most cases both entry and senior level positions are available. Skill-building and professional development are continuous. 
Positions are available in Boston, MA, Hartford, CT and Wilmington, DE. Positions available include: 


Target Marketing 


We seek several database marketing professionals to work with marketing and sales managers in various business lines (Consumer 
Marketing, Small Business, Retail Investments, Insurance, Private Banking). Responsibilities include identifying target customer 
groups for marketing promotions, developing contact strategies and cell design for structured testing of offers within a promotion, list 
management (including management of external list sources), and post-campaign analysis and evaluation. Incumbent should have at 
least five years’ experience in target marketing with a proven track record of successful execution of both promotion and analysis. Prior 
experience in consulting and knowledge of retail and small business banking, insurance, or investment services in strongly desired. 
BA/BS and MBA (or other advanced degree) required. Dept. DC1MIT5/97 


Quantitative Analytics 


Quantitative Analysts provide business line managers throughout the bank with insights stemming from quantitative analysis of con¬ 
sumer and small business customer and product portfolio behavior, including development of predictive models of product acquisi¬ 
tion, usage, and attrition, channel usage behavioral models, customer profitability analysis, life cycle behavior and profitability, price 
elasticity analysis, market share projections, and migration analysis. Tools employed will range from statistics to linear programming 
to stochastic modeling to neural estimation and profitability modeling. Qualifications include BA/BS and advanced degree (MBA, 
MA/MS, or Ph.D.) is social sciences, business, or statistics with an emphasis on empirical analysis and research. Experience in busi¬ 
ness quantitative analysis including statistical modeling, is also required. SAS programming experience preferred. Prior experience in 
consulting and knowledge of retail and small business banking (including credit card), insurance, or investment services as well as 
marketing strategy is strongly desired. Dept. DC2MIT5/97 

Data Mining and Management Reporting 

Analysts in Data Mining and Management Reporting area provide a wide range in query and reporting support in the areas of market¬ 
ing analysis, campaign execution, and management reporting. The group operates as a resource to the entire bank, responding to 
questions from management and preparing analysis on short notice, as well as creating parameterized reports that other analysts can 
access and use. A BA/BS degree is required, as is experience with ad hoc decision support programming and analysis. Experience 
with Cognos Impromptu, Cognos Powerplay, SAS, and/or PC Focus software is desirable. PC proficiency is required. Senior and 
Lead positions require five or more years’ experience, including management reporting design or database marketing analysis. 

Dept. DC3MIT5/97 

Information Acquisition, Management, and Access 

We are seeking Information Analysts in three areas: profitability analysis and implementation, external list sources and management, 
and data administration. Analysts identify and evaluate new data sources, document and communicate the content, definition, source 
and quality of data in the customer database including enhancing the integrity of that data, and assist 
business line managers and analysts in understanding the nature of the data in the database and the 
appropriateness of using if for a particular purpose. BA/BS required; MBA preferred. 

Demonstrated knowledge of consumer and small business information sources, consumer and busi¬ 
ness householding techniques, profitability analysis in financial services, and data management 
technologies and techniques desired. Solid communications skills and interpersonal skills, as well 
as experience with a large (2+ million) consumer database essential. Dept. DC4MIT5/97 


Fleet utilizes an innovative resume tracking system to scan all resumes into our corporate database. 
Therefore, please send your resume to: 
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_ J 478-3489 
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JM Fleet 

Fleet values diversity. We are an Affirmative Action/ 

Equal Opportunity Employer M/F/D/V. 
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CHIP 


off the old block. 


(couldn't resist) 



Invented transistor fifty years ago. Made modern electronics possible (TVs, radios, computers, 
cell phones, foot massagers, etc.). New Bell Labs innovation: 56 Kbps modem chip set from our 
Microelectronics Group. Can make Internet access twice 
as fast over regular phone lines. (Think jet-powered 
surfing on Net.) Seven of top ten modem makers 
already use our chips. (Expect other three to call 
any moment.) To learn more, check our Web site. 
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Lucent Technologies 

Bell Labs Innovations 

6 00 Mountain Avenue 
Murray Hill, NJ 07974-0636 
hltp: y/ www.lucent.com 
1 ' 888 -4-Lucent 



We make the things that make communications work!" 


©1997 Lucent Technologies 







